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9NTRODUCTION AND BACKGROUND
Verbal communicationisthe most direct meansofcommunication.lt is verbal communication 
that makes men unique, and impairment in oral and aural skills directly affects our quality 
of life. Communication by speech is an important part of our interactions with the people 
around us; speech facilitates our thinking, allows us to exchange needs and feelings to 
others and it contributes to our development and learning processes. Speech and hearing 
are essential communicative functions, affording us the ability to send and receive spoken 
messages. Unfortunately, in up to 80% of people with intellectual disabilities communication 
skills are impaired, with half having severe communication disorders.
The communicative dysfunction in many adolescents and adults with intellectual disabilities 
is more severe than can be expected from their overall cognitive abilities. Their problems 
may derive from a hearing impairment, disorders of auditory processing, as well as from 
speech production disorders. Adequate hearing is a prerequisite to understanding speech 
and, sadly,the prevalence of hearing loss is much higher in thisgroupthan it is in thegeneral 
population. Even in case of (sub)normal hearing, hearing functions may fall short, especially 
in crowded or acoustically unfavourable surroundings like residential, day care or sheltered 
work facilities. In listeners with normal cognitive capacities, such listening problems can 
commonly be compensated for by top-down processes based on linguistic and nonlinguistic 
contexts, but this is a competency people with a cognitive impairment tend not to have. 
Moreover, little is known on the specific speech production problems they encounter and 
how these can best be managed. In-depth scrutiny of the deficiencies in the speech output 
and underlying mechanisms in this group are limited but vital if we are to augment their 
verbal abilities and promote reciprocal interactions.
According to a survey amongst Dutch healthcare providers for people with intellectual 
disabilities (Heerkens et al., 2005), lack of social competence was the main indication 
for paramedical care, with problems in caregiver-client communication being frequently 
reported. Almost half of the respondents indicated that the care they provided in their 
facility was insufficiënt especially due to communication problems, acknowledging the 
potentially beneficial effects of appropriate training in communication skills for caregivers.
Worldwide, about 1-3% of all people have an intellectual disability. A meta-analysis conducted 
in 2011 (Maulik et al.) mentions a prevalence rate of 10.37/1000 in the general population. 
It is a lifelong condition that strongly impacts on the educational, social, economic and life
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choices of the persons concerned. Persons with intellectual disability face special challenges 
in their development in terms of cognition, learning, understanding and communication, 
while they also often have to cope with comorbid health issues such as hearing loss, Vision 
impairment, autism or attention deficit disorder (Evenhuis et al., 2001). The Convention on 
the Rights of Persons with Disabilities (WHO, 2010) states in no unclear terms that people 
with disabilities have the same fundamental rights and fundamental freedoms as other 
people. Although the intellectual disability itself cannot be cured, daily functioning can be 
improved and decline can be prevented by a timely diagnosis and rehabilitation of specific 
disabilities and ongoing care.
"Intellectual disability implies a significantly reduced ability to understand 
new or complex information and to learn and apply new skills (impaired 
intelligence). This results in a reduced ability to cope independently (impaired 
social functioning), and begins before adulthood, with a lasting effect on 
development." (World Health Organization, 2011).
With skills the WHO refers to the basic skills needed in everyday life, which typically involve 
domains such as communication, self-care, home living, social skills, leisure, health and 
safety, self-direction, reading and writing, and work. The WHO continues to state that the 
scope of the disability is not only determined by a person's health or impairments but most 
notably also hinges on the extent to which the environment fosters his or her position 
and participation in society (WHO, 2011). Specific disabilities tend to have a much greater 
impact on people with a cognitive impairment because they have fewer capacities and skills 
to compensate for them, with their daily lives being disproportionally affected by relatively 
minor disturbances. Identification of any concomitant disorder or problem hindering 
communication, as well as effective, disorder-specific treatments and individual care are 
hence indispensable to improving communication in this population.
Communicative decline as a consequence of disordered speech and hearing
Usually, the ability to produce and understand speech is taken for granted, but spoken 
communication is a very intricate process. A complex chain of events links speaker to listener. 
Communication is even more complex in situations where one of the communicators is 
incapable of sending or receiving the verbal message. In adults with intellectual disabilities 
reciprocal communication is often problematic due to both impaired hearing and disordered 
speech (Bunn et al., 2002; Meuwese-Jongejeugd, 2006; Roberts, Price & Malkin, 2007; Laws
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& Bishop, 2003), which may result in social isolation. Yet, people with intellectual disabilities 
who also suffer from hearing loss are paid little extra attention.
When speech is disturbed by any cause, communication is immediately compromised and 
interactions become more complex. Of course, solutions may be sought in augmentative 
and alternative means of communication or supportive gestures or signing when verbal 
communication is hampered. Still, as quality of life is greatly augmented by being able to 
express one's feelings and wishes, it is essential for adults with intellectual disabilities to be 
able to use speech to make themselves understood.
When speech is suboptimal, the message that is being sent may be lost or misunderstood. 
Disordered verbal communication may render a person unable to express their thoughts, 
needs, opinions and feelings and can thus lead to misunderstandings and frustration, with 
the diminished communication skills impeding social inclusion. As communication partners 
tend to react to uninteliigible speech by reducing their demands, that is lowering the level 
of communication, it is essential to study the the nature to understand underlying causes 
of the verbal impairment as well as to develop approaches to help improve the speaker's 
quality. of speech in order to improve communication in general.
Aim of the present research project
The Consortium "Sterker op eigen benen" (Stronger on your own two feet) intends to build a 
lasting infrastructure for applied medical research for the benefit of people with intellectual 
disabilities, for which purpose it has formulated research questions and is collecting data to 
contribute to the scientific knowledge, with the ultimate purpose being the implementation 
of evidence-based practices and practice guidelines into clinical practice. The research 
project 'Prevention of communicative decline in adults with intellectual disabilities: 
Assessment and intervention in disordered perceptive and productive functions' is designed 
to foster best care practices. The results obtained and knowledge gained with the project will 
become an integral part of the quality policy of the Radboud University Nijmegen Medical 
Centre and participating care centres (Dichterbij, Siza, Pluryn). The research described in 
this thesis was fully financed by ZonMW (the Netherlands Organization for Health Research 
and Development) and the consortium Stronger on your own feet and was approved by the 
Ethics Committee, upholding the International Code of Medical Ethics of the World Medical 
Association (Declaration of Helsinki).
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The aim of the research project is to analyse the hearing and speech disturbances in adults 
with mild to severe intellectual disabilities, to evaluate the efficacy and effectiveness of 
rehabilitative interventions and provide suggestionsforthe improvement of communication 
skills in this population. By identifying the underlying problems in speech perception and 
speech production and by developing adequate treatment in terms of hearing rehabilitation 
and targeted speech therapy, we may be ableto enhancethe quality of their communicative 
abilities and thus prevent social isolation and concomitant behavioural problems. Evidence- 
based interventions will help improve these skills, provided they are tailored to the abilities 
of the individual and are supported by his or her family, caregivers and staff. Insights from 
innovative thinking can be exploited to develop best practices to optimise care services, 
where empowerment of people with disabilities and inclusion in society are key.
With our studies we seek (1) to enhance approaches to hearing and listening problems 
in people with intellectual disabilities to help improve their perception of speech and 
language, and (2) to gain knowledge on their speech production problems and resulting 
poor intelligibility to help find ways to promote their verbal communication skills.
The present project starts form the hypothesis that impaired hearing abilities can be 
restored effectively by fitting hearing aids and that speech production can be improved by 
training. Although guidelines have been developed in this field (e.g. for speech-language 
pathologists; ASHA, 2005), in the international literature only a few studies are available 
that focus on people with a cognitive impairment living in residential care facilities. Our 
study is innovative in that it aims to gather evidence on the effects of interventions targeting 
hearing loss (hearing aids) and speech intelligibility (speech therapy) in institutionalised 
adults with an intellectual disability.
HEARING
We first evaluated the difficulties and ongoing issues in the field of hearing rehabilitation for 
adults with intellectual disabilities and concomitant hearing loss. As this population is not 
homogeneous, we restricted ourselves in our review of the literature to patients with Down 
syndrome, being the largest subgroup. A structured overview of the literature is presented 
in Chapter 2.
To achieve the best care for people with intellectual disabilities, hearing screening 
programmes have been advocated, from childhood to adulthood (Evenhuis 1993, 2001;
16
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Shott 2001,2006). When hearing loss is detected, intervention should follow (Evenhuis 2001, 
van Schrojenstein Lantman-de Valk, 2005). However, simply fitting hearing aids generally 
does not suffice as their use might not be optimal (Meuwese-Jongejeugd, 2007). As part of 
our studies, we evaluated the objective and subjective benefits of hearing rehabilitation in 
a group of 282 adult residents of special care facilities diagnosed with various intellectual 
disabilities. Systematic hearing screening confirmed that one-third had a permanent 
hearing loss. The individuals identified were subsequently fitted with bilateral hearing aids 
according to Standard audiological practices and outcomes were evaluated by proxy inquiry. 
We obtained similar data in a second group of cognitively impaired adults with comorbid 
hearing impairment identified at the institutes by their caregivers and referred to our 
audiological centre for hearing aid fitting. Results are described in Chapter 3.
SPEECH
As we set out to establish the nature of the difficulties in the speech of adults with an 
intellectual disability and learn whether intelligibility can be improved by articulation 
training, we first reviewed the available literature on speech production problems in this 
population. Few relevant papers could be identified, with the causes of poor intelligibility 
remaining largely unknown. Only a few studies specifically addressed speech articulation. 
Amongst other underlying mechanisms, restricted verbal working memory seems to play an 
important role (Jarrold, Baddeley & Philips, 2002), but this needs further investigation. Our 
search did yield some interesting studies on people with Down syndrome. Given that Down 
syndrome is the most frequently occurring cognitive disorder and that reduced speech 
intelligibility is a widespread problem in this group, we conducted a structural search of 
the literature on speech difficulties in adults with Down syndrome, the results of which are 
presented in Chapter 4.
In order to assess the productive and perceptive functions in our group of interest, 36 clients 
residing in a care centre for adults with intellectual disabilities of mixed/unknown aetiology 
were offered a targeted speech training programme to see whether this would improve the 
intelligibility of their speech output and their communication skills in general. The diagnostic 
function profile was the starting point for the rehabilitation. The intervention starts with 
articulation training aimed at improving the production of particular speech sounds and 
syllables, and thereby the intelligibility of words. Next, the focus shifts to teaching the clients
17
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verbal techniques to facilitate effective daily communication. Our articulation training 
and speech therapy were founded on existing remedial programmes (mostly developed 
for children) and addressed phonological skills, speech motor planning, sequencing and 
execution skills, as well as the retrieval and sequencing of syllables and words in utterances. 
The full intervention lasted 12 months, with the rehabilitation programme being offered 
in two series of three months each, separated by a 3-month therapy-free period. Speech 
characteristics were assessed and analyzed every twelfth week throughout the intervention 
period, while speech production outcome measures were taken before and after conclusion 
of the two rehabilitation series.
Chapter 6 presents the results of the baseline evaluation of the speech of the clients that 
were selected for the speech training programme. Speech characteristics and production 
processes, the level of speech development and errors in speech are described. Based on an 
overview of the specific speech characteristics obtained, we reflect on the possible causes 
for the poor intelligibility of their speech.
Communicating with adults with ID, we noticed that fluency disorders might play a pertinent 
role in the poor intelligibility of the speech of our participants. We accordingly decided to 
study and describe incidences of dysfluency using the spontaneous speech recordings made 
during the assessments. We counted and labelled all dysfluencies and found abnormal 
results in that the dysfluency patterns in our study group deviated from those commonly 
diagnosed in this population. These findings are reported in Chapter 5.
To determine the effectiveness of a training programme aimed at improving speech 
quality, we analysed all measures over time and compared the outcomes to the baseline 
measurements. The study design, methods and results of the intervention are described in 
Chapter 7.
It is difficult to accurately define what constitutes good quality of life for people with an 
intellectual disability and this also holds for the specific needs and optimal care for the 
individual person. This is especially true when they cannot speak out. Awareness of a 
person's needs, wants and entitlements, and tailoring care and support requires patience, 
careful assessment and the involvement of proxies (Kwok, 2007). Helping this vulnerable 
group augment their verbal communication abilities to thus promote their quality of life will 
require changes in our awareness and communicative skills, as well as changes in clinical 
management, living arrangements and treatment approaches. With our analyses and training
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programme we have tried to address some of the issues in the prevention of communicative 
decline in adults with a cognitive impairment. By conducting personal interviews, we were 
able to incorporate the views of family members, caregivers, teachers and speech-language 
therapists in our evaluations, as well as those of the participants themselves.
In Chapter 8 our conclusions and recommendations to improve reciprocal verbal 
communication and prevent communicative decline in adults with an intellectual disability 
are summarised and discussed.
This research is meant to be a further step towards optimising the care and support for 
those individuals with an intellectual ability that suffer from concomitant communication 
problems. More structured trials are needed to further investigate the effects of targeted 
interventions aimed at improving hearing and speech in this population. Collaboration of 
caregivers, therapists and healthcare managers on the one hand and between healthcare 
professionals and scientists on the other hand healthcare professionals remains essential, 
but it is also crucial to include the clients themselves and their family in our efforts as much 
as possible.
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Abstract
A literature search was performed to review published articles on hearing disorders, 
auditory perceptual disorders and short-term memory in adults with Down syndrome. The 
aim of the review was to identify factors determining impairments in these domains in 
order to improve care. A high prevalence was reported for hearing disorders in adults with 
Down syndrome. The syndrome appears to be an important determinant of communication 
difficulties, and it appears that auditory memory is related to speech and language skills. 
However, only a few studies have been published on diagnosis and intervention. The effects 
of hearing aids use are not always satisfying, but recent developments show promising 
alternatives. Suggestions are formulated to guide new research that could lead to better 
care concerning hearing difficulties.
24
Hearing disorders and auditory speech processing difficuities
in adults with Down syndrome: a review of the literature
Background
To have the best chances in life, communication skills need to be optimal, but of all people 
with Down syndrome (DS), 66-89% have some level of hearing loss in one ear or both ears 
due to anatomical abnormalities (National Institute on Deafness and other Communication 
Disorders -  NIDCD). Also, many individuals with DS are suffering from other difficuities in 
their communication, such as speech difficuities causing poor intelligibility and difficuities 
with auditory speech perception (Roberts, Price & Malkin, 2007). Worldwide, 13.65 out 
of every 10,000 births have Down syndrome (Centres for Disease Control and Prevention 
and Department of Health and Human Services). It is the most common genetic aetiology 
of intellectual disabilities. Down syndrome is a genetically based disorder arising from 
abnormalities of chromosome 21. Trisomy 21 is the most common (about 95%) karyotype. 
Given that 97% of the people with DS use speech as their main form of communication 
and given also that speech production and perception difficuities may limit community 
participation (Roberts, Price & Malkin, 2007) there is major need to develop assessment 
tools and rehabilitation opportunities for people with DS with speech perception problems 
(Roberts, Price & Malkin, 2007; Evenhuis, van Zanten, Brocaar & Roerdinkholder, 1992; 
Buckley, 2002).
A longitudinal study performed by the University of Wisconsin-Madison showed that persons 
with Down syndrome benefit from language intervention programs during adolescence and 
adulthood (Chapman, Hesketh& Kistler, 2002). Their language skills continued to improve 
well beyond the teenage years, although at a reduced pace, which suggests that specific 
training of adults with DS is beneficial. Optimal hearing is essential in speech-language 
development and for improving language skills.
In order to find starting points to improve the auditory abilities of adults with DS, our aim 
was to review the literature and evaluate suggestions for further research into this specific 
health-care field. Most of the research on hearing and speech in persons with DS has been 
performed only in children, leaving out knowledge on adults. But adults have a particular 
place in society and, for them, social contacts at home and work are crucial. This review 
focuses on hearing loss in adults with DS and the effect of hearing loss on communication. 
For this review we collected information on adults with DS and the prevalence and types 
of hearing loss, auditory perception problems and auditory memory difficuities, as well as 
treatment of hearing loss using hearing devices.
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Methods
PubMed and Scopus literature searches were conducted for the period from 1988 until 2010. 
We derived search terms from the International Classification of Functioning, Disability and 
Health and MeSH. The search terms were combined with 'Down syndrome' and 'Down's 
syndrome' and limited by 'adults' and 'English' (being the language published in). The exact 
search terms we used were: hearing, hearing disorders, rehabilitation of hearing impaired, 
hearing aids, auditory perception, auditory perceptual disorders, speech perception and 
short-term memory.
Short-term memory has a clear influence on auditory processing (Vicari, Carlesimo & 
Catagirone, 1995), therefore we decided to include articles on short-term memory. 
Exclusion criteria were defined in advance. Articles describing data on children only, articles 
about other syndromes than DS, articles addressing only a different topic and single case 
reports were excluded. In Table 1 an overview of inclusions and exclusions of found articles 
is given.
A total of 124 titles came up on requested search terms of which we could use 51 titles 
because of the above-described exclusions. From these 51 titles some appeared to come up 
on different search terms: nine articles came up on two search terms, three articles came 
up on three different search terms and four titles appeared even on four search lists. Thus, 
51-21 = 30 unique titles were used in this review.
Section 1 describes ourfindings on hearing impairment, its prevalence and types of hearing 
loss, consequences of hearing loss and auditory memory-related issues. Section 2 discusses 
treatment options for hearing loss and auditory processing disorders as well as more recent 
developments in rehabilitation. Section 3 concludes with a discussion and questions for 
further research.
1. Hearing impairment and auditory speech processing 
disorders in adults with DS
1.1 Prevalence
Hearing impairment is much more common in personswith DSthan inthegeneral population. 
The high incidence of hearing impairment in persons with DS (children and adults) has been 
well-documented in many studies, for example in Roizen, Wolters, Nicol & Blondis (1993), 
van Schrojenstein Lantman de Valk, Haveman & Crebolder (1996), Evenhuis et al. (2001).
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Hearing function of 35 institutionalized persons with DS, age 35 to 62 years, was assessed 
by means of otoscopy, impedance audiometry, brainstem evoked response audiometry, and 
pure tone audiometry by Evenhuis et al. (2001). In this study hearing losses of 20 dB to over 
90 dB in 56 of 70 tested ears were found. Schrojenstein et al. (1994) reported a somewhat 
better result: hearing loss was reported in 28% of adults with DS at the age of 50. Significant 
hearing loss and external pinna malformationsaretwo of the most common defects evident 
in DS according to Mazzoni, Ackley & Nash (1994).
Table 1. Overview of inclusions and exclusions of found articles.
Searchterm Number 
of titels 
found
Not
included
Reasons for exclusion Titles
included
Hearing 12 3 1: Addressing dementia 
1: Describing mixed group 
1: Addressing children only
9
Hearing
disorders
31 23 23: Addressing irrelevant topics (dental 
care in children, otodystrophic lesions)
8
Hearing
rehabilitation
7 3 3: Addressing irrelevant topics (dementia, 
signing)
4
Hearing aids 5 0 5
Auditory
perception
50 31 13: Addressing children only 
13: Addressing irrelevant topics (dementia, 
aphasia, bimanual coordination, glucose, 
speech production, music or behavioural 
disturbances)
4: Addressing other syndromes only 
1: Case-study
19
Auditory
perceptual
disorders
1 0 1
Speech
perception
8 6 2: Addressing children only 
3: Addressing irrelevant topics (behaviour 
test, manual praxis and dementia)
1: Describing mixed group
2
Short-term
memory
10 7 4: Addressing irrelevant topics (behaviour 
test and dementia)
3: Addressing children only
3
Subtotal 124 53 51
The major type of hearing loss in DS is conductive in nature, originating from malformations 
of the middle ear oscicles and/or the Eustachian tube (Mazzoni et al., 1994). In many 
cases, more or less permanent hearing loss is caused by OME (glue ear) and impacted wax.
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Meuwese-Jongejeugd et al. (2006) reported that in 26% of the adults with DS at the Dutch 
Institutes, hearing thresholds exceeded 40 dB, while 31% had hearing thresholds of 26-40 
dB, indicating mild hearing loss. They also reported that the indicence of hearing impairment 
in persons with DS was much higher than in the rest of their study population. According to 
Evenhuis et al. (2001) the prevalence rose to 100% when subjects had reached the age of 
60 years. Van Schrojenstein Lantman-de Valk, Haveman & Crebolder (1994) found that in 
general people with severe or profound mental handicap aged 50 years or older rarely use 
hearing aids (including older persons with DS). Apparently, there is still very little awareness 
in caregivers with respect to hearing acuity in adults with DS, particularly based on the 
observation that these more recent data are no better than those published already many 
years before (Davies, 1988), and for data on use of hearing aids on children: Roizen et al., 
1993).
1.2 Types of hearing loss
Hearing loss found in persons with DS can be conductive, sensorineural or a combination of 
these two, a so-called mixed hearing loss.
Conductive hearing loss
A source of recurrent middle ear problems leading to a conductive hearing loss is non- 
inflammatory otitis media with effusion ("glue ear") that is caused by the accumulation 
of mucoid secretion (cerumen) in the middle ear, which prevents the middle ear oscicles 
from moving freely. The Eustachian tube plays a role in the clearance of the middle ear, 
but its function might be impaired by frequent upper airway infections in persons with DS 
(Shott, 2006). An extra complication is that in persons with DS the cerumen tends to be 
more copious than usual. As a consequence, the clearing mechanism of the Eustachian tube 
cannot easily remove the cerumen. Classic medical treatment, such as surgery with suction- 
removal of the cerumen and the placement of a ventilation tube in the tympanic membrane 
might be complicated by the narrow ear canals in persons with DS (Shott, 2006). Cerumen 
might in this situation lead to reversible conductive hearing loss of up to 40 dB HL (Davies, 
1988). A contributing cause for the high frequency of the remaining middle ear problems is 
that the immune system in persons with DS develops more slowly, and predisposes these 
persons to a higher risk of acute middle ear infections and upper respiratory tract infections 
(Davies, 1988).
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Sensorineural hearing loss
The incidence of permanent congenital inner ear hearing loss in children with DS is much 
higherthan the 1:1000 in the general population. Degenerative cochlear changes are likely 
to develop from adolescence onwards and most of the adults with DS will have significant 
sensorineural hearing loss by the age of 40 years (Evenhuis, 1995). Buchanan (1990) also 
studied sensorineural hearing loss and reported that DS was associated with early onset 
presbyacusis, which is supported by the fact that the median sensorineural hearing loss 
of subjects with DS aged 30 to 40 years was comparable with the general population aged 
60 to 70 years. This typically progressive sensorineural hearing loss in the high frequency 
domain gradually spreads to the middle and lower frequencies more and more with ageing, 
and has been referred to as 'early presbyacusis' (Buchanan, 1990).
1.3 Auditory perceptual disorders
Auditory perception is the ability to identify, organize and interpret the sensory input 
received through hearing. People with auditory perceptual problems (not only people with 
DS) cannot recognize subtle differences between sounds in words, even though the sounds 
are presented loud and clear. The cause of this impairment is often unknown. Auditory 
processing might be impaired in DS, particularly auditory discrimination (the ability to 
discriminate between speech tokens or between words that sound similar or different), and 
auditory memory (the ability to accurately rememberan auditory stimulus), even in persons 
with DS who have normal hearing (Marcell, Harvey & Paige Cothran, 1988).
Research by Bunn, Welsh, Simon, Howarth & Elliott (2003) showed that adults with DS did 
not tend to exhibit the typical right ear -  left hemisphere advantage for the perception of 
speech sounds (although the manifestation of lateral ear advantages might be a confound 
due to the response paradigm). This was confirmed in dichotic listening tasks and by MRI 
studies (Bunn et al., 2003). Any disruption or reversal in cerebral specialisation of the left 
hemisphere of the brain for speech perception in combination with poor specialization of 
the left hemisphere for speech production and the organization of general movements may 
contribute to the difficulties found (Elliott, Gray & Weeks, 1993), because combining speech 
perception with organization and control of speech movements requires good interaction 
between the two hemispheres. A breakdown of this complex situation could lead to loss or 
degradation of information (Bunn et al., 2003).
Research indicated that pre-attentive auditory processing underlying stimulus detection was 
impaired in persons with DS (Pekkonen, Osipova, Sauna-Aho & Arvio, 2007). Unfortunately,
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no results are availablefrom persons with other types of intellectual developmental disorder 
to compare with. They also found that parallel auditory processing underlying stimulus 
detection was impaired in people with DS.
1.4 Consequences of hearing impairment
If hearing loss is not treated properly in childhood it can lead to delays in auditory 
development, speech and language development (Roberts et al., 2007). In the case of long­
term hearing difficulties, the situation might become permanent. Consequently, perception 
of speech elements (such as phonemes) and the coupled fine-tuning of phoneme production 
may be disturbed, as described in the classic speech perception/production models (Roberts 
et al., 2007). Inappropriate speech acquisition due to hearing problems is also negatively 
influenced by the developmental delays inherent to DS and the intellectual disability itself. 
Poor hearing status is seen as a major cause of the speech difficulties in children and adults 
with DS (for example in Roberts et al., 2007).
A significant relationship between sentence imitation and middle-ear functioning was 
supported by analysis in which persons with DS with bilateral abnormal middle ear 
function tended to perform more poorly on sentence imitation tasks than persons with DS 
with at least one normal functioning middle ear (Marcell et al., 1988). Abnormal middle 
ear function is associated with hearing loss. Sentence imitation is a task that is sensitive 
to the auditory-perceptual, cognitive and expressive difficulties evidenced by individuals 
with DS (Marcell, Ridgeway, Sewell & Whelan, 1995). The way in which hearing impairment 
affects behaviour depends on a number of interacting factors, such as the severity of the 
hearing loss, its duration, the effectiveness of hearing aid fitting, type of hearing loss, age 
of the subject and the degree of intellectual impairment (Shott et al., 2006). Also, many 
hearing impaired persons with intellectual disorders such as DS have insufficiënt coping and 
compensation strategies. Therefore, they are likely to rely much more on primary sensory 
input than persons with normal cognition (Roberts et al., 2007). Remarkably, the severity 
of intellectual disability in persons with DS positive correlates significantly with hearing 
impairment (including ear disease) in general, and with poor speech production (Maatta et 
al., 2006).
1.5 Auditory memory and relations with speech and language skills
Auditory memory has an important function for storage of incoming language and speech. 
Recent research into persons with DS and without hearing loss has shown that this specific
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group shows problems with short-term memory in relation to auditory processing. People 
with DS have difficulty remembering brief sequences of verbal information presented 
auditorily. This impairment in (particularly auditory verbal) memory span, sometimes 
also called poor 'auditory short-term memory for verbal information', plays a role in the 
production of responses to speech and language tasks. Thus, this may even be a larger 
contribution to the speech difficulties than a possible hearing impairment itself (Jarrold et 
al., 2002).
Auditory memory span deficits in persons with DS was already confirmed in a study by Bird 
& Chapman (1994).
Chapman & Hesketh (2000) discussed the significant delay in nonverbal cognitive 
development accompanied by additional, specific deficits in speech, language production, 
hearing and auditory short-term memory in infancy and childhood in persons with DS, and 
also pointed out evidence of dementia emerging for up to half the individuals after age 
50. Problems with short-term memory have direct effect on the understanding of speech, 
and also on errors in speech production. We will give a brief summary of the studies that 
discussed this issue in adults with DS. Results of Vicari et al. (1995) showed a deficit of 
verbal and spatial backward spans in persons with DS where tasks were offered in forward 
and backward immediate recall of verbal and spatial sequences. The deficit seemed to 
be specific for this particular etiology group. In general, phonological short-term memory 
capacity is measured with a word span task, a digit span task, or a nonword repetition task. 
Bunn et al. (2003) administered a test to persons with DS in which they were asked to read, 
repeat sequences of two or 4 words, and formulate speech from picture sequences. It 
was found that they tended to make more speech production errors when presented with 
sequences of words than with sequences of pictures. This illustrates the limited capacity of 
their auditory short-term memory. Adults with DS and normal hearing made more memory 
errors than adults with DS and hearing loss. The short-term memory impairment in people 
with DS has been regarded as an aspect of the behavioural phenotype of DS (Chapman & 
Hesketh, 2000).
The impairment of auditory short-term memory is thought to contribute to difficulties of 
language acquisition, speech and cognition even more than hearing impairment (Jarrold, 
Baddeley & Phillips, 2002). Elliott et al. (1993) predicted, based on their studies, that persons 
with DS would have difficulties with tasks that involve speech perception, organization of 
movements and control of sequential movements, including speech movements. They 
based this prediction on their model of neuropsychological evidence in which persons with
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DS showed atypical right hemispheric speech perception specialization concurrently with 
left hemispheric motor control specialization. Results of a study of Broek & Jarrold (2005) 
provided strong evidence that DS is associated with a selective deficit in verbal short-term 
memory, and a deficit in verbal serial order memory in particular. Vicari (2004) compared 
the memory development and intellectual disabilities between groups of persons with DS, 
Williams syndrome and normal intelligence. They found that the persons with DS showed 
distinct memory patterns meaning that there are specific profiles related to DS. People with 
DS and normal hearing obtained lower explicit memory performance scores than other 
groups.
Chapman et al. (2002) studied whether or not language production and comprehension 
still is improving in young adults with Down syndrome and the results reflect the fact that 
expressive language acquisition continues in adolescence. Regarding mentioned findings 
in literature on the effect of memory on the development of communication skills and the 
studies of Chapman et al. (2002), it seems likely that the learning process of improving 
communication skills will continue through adolescence and adulthood.
These data confirm the important statement that early and adequate treatment for hearing 
problems is advisable, followed by specific interventions to improve speech and language 
development. Also this underscores the need of ongoing care for optimal hearing meaning 
preventive assessments and optimal hearing rehabilitation.
2. Rehabilitation of hearing problems in adults with Down 
syndrome
With the high prevalence of persisting hearing loss and a relation with difficuities in speech 
and language, we conclude that rehabilitation of hearing is essential. Treatment starts 
with screening and testing and when a hearing loss is found, hearing devices might be 
advised. Shott (2006) stated that the incidence of hearing loss in persons with DS can be 
reduced by taking a vigorous approach to their chronic ear problems. This requires regular 
screening and timely intervention by the otorhinolaryngologist, which can include ear 
cleaning, examination, medical and surgical treatment and audiometry to supplement the 
observations (Evenhuis et al., 1993; Shott, 2006).
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2.1 Treatment of hearing loss
When the hearing loss is permanent, the customary intervention is to fit acoustic hearing 
aids. Especially in persons with intellectual disabilities and associated impaired linguistic 
skills, the aim is to provide the best opportunities for communication (Evenhuis et al., 1993). 
Only little has been published on hearing aid fitting and the few results from studies on 
hearing aid fitting in adults with DS and hearing impairment are not encouraging. Hearing 
aid fitting can be troublesome due to subject-related factors, such as insufficiënt compliance, 
inability to adapt to the new sensory input, behavioural problems and more (Evenhuis 
et al., 1993). Evenhuis and coworkers fitted acoustic hearing aids in 9 hearing impaired 
subjects with DS (it was verified that hearing aids were fitted appropriately). Remarkably, 
only minor improvements in speech recognition were found after hearing aid provision and 
the caregivers reported only some fairly subtle improvements. It was concluded that the 
fitting of hearing aids to treat hearing impairment in persons with DS does not guarantee 
any improvement in communication. No other studies were found on functional results of 
acoustic hearing aid fitting in DS.
Treatment for conductive or mixed hearing loss
Generally, examination (and in many cases ear cleaning) by an otorhinolaryngologist is 
mandatoryin persons with DSand hearing loss. To treat recurrentglueears, ventilation tubes 
might be considered (Davies, 1988). Unfortunately, the placement of ventilation tubes might 
be difficult for anatomical reasons in persons with DS (narrow ear canal, tympanosclerosis).
Hearing aid fitting is advised in adults with DS with chronic middle ear problems or chronic 
conductive hearing loss (Davies, 1988; Sheehan & Hans, 2006). Optimizing the person's 
hearing by fitting them with hearing aids is sometimes difficult owing to variations in the 
level of conductive hearing loss over time (depending on the middle ear status) and problems 
with the ear moulds (e.g. feedback) due to the small ear canals. Ear moulds that occlude the 
ear canal might even have been contra-indicated because of chronic ear infection (Sheehan 
& Hans, 2006). In such cases, a better option than an acoustic device can be the application 
of bone-conductor (Sheehan & Hans, 2006) e.g. the Bone Anchored Hearing Aid (BAHA).
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2.2 Bone-conduction hearing aids for treatment of conductive and mixed 
hearing loss
Bone-conduction hearing aids transform the incoming sound signals into mechanical 
vibrations. Special output transducers are pressed against the head in the mastoid region 
and transmit these vibrations to the skull. Vibration of the skull directly stimulates the 
cochleae to enable hearing. The BAHAdevice is probably the most effective bone-conduction 
device on the market (Kunst, Cremers & Mylanus, 2007). Publications on BAHA fitting 
in persons with DS (Sheehan & Hans, 2006; Kunst, Hol, Snik, Mylanus & Cremers, 2006) 
show remarkable good results. The BAHA system comprises a percutaneous implant and 
audio processor (to produce the vibrations) that is coupled directly to the skull. In people 
with intellectual disabilities, the skin around the percutaneous coupling needs meticulous 
cleaning and close monitoring. Sheehan and Hans (2006) were the first to report on the 
application of the BAHA in patients with DS and conductive or mixed hearing loss, in whom 
conventional treatment was not an option. Intensive daily use of the BAHA was reported 
as well as high patiënt satisfaction. Only 4 of the 43 subjects experienced serious problems 
with the implant. Kunst et al. (2006) reported on BAHA fitting in 22 patients with intellectual 
disabilities (mostly adults DS). According to the care providers, all patients were using 
their BAHA on a daily basis. Problems with the percutaneous implant were scarce. Speech 
recognition scores had improved to within the normal range and 5 out of the 22 subjects 
had taken on more demanding daily activities because of the positive effect of the BAHA on 
their communication abilities (Kunst et al., 2006).
Summarizing, for persons with DS and persistent conductive hearing loss, the BAHA bone 
conductor seems to be a good option.
2.3 Treatment for auditory processing disorders
Treatment programmes for children with delayed auditory development are widely used 
nowadays, but we found no results of special training programmes for adults with DS.
3. Discussion and conclusion
When hearing is optimal, auditory processing can benefit most from interventions and 
chances for improving communication skills are best. Therefore, we consider it essential to 
optimize hearing at the earliest possible stage and in all cases.
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In adults with DS, it is not always easy to recognize hearing difficulties, because of the 
general limitations in their communication abilities. Therefore, hearing screening programs 
are necessary. Worldwide, there are several associations of physicians specialised in treating 
people with intellectual disabilities. In the early 1990s this association NVAVG (Nederlandse 
Vereniging van Artsen voor Verstandelijk Gehandicapten) has recommended audiometric 
screening every 3 years for persons with DS. So far, the NVAVG guidelines have not yet led 
to reductions in the number of unidentified hearing-impaired subjects in the Netherlands 
(Evenhuis et al. 1993 and 2001, Meuwese-Jongejeugd et al., 2006). Causes of low compliance 
with hearing screening programs and appropriate follow-up actions include: time constraints 
by the institute's professionals, lack of information to caregivers, insufficiënt support from 
the management team, and the underestimation of the importance of optimal hearing 
(Meuwese-Jongejeugd et al., 2006).
Several research groups have hypothesized that abnormal cerebral lateralization might 
underlie the language difficulties that characterize DS. Both hemispheres of the brain 
are important during the process of speech perception, although the left hemisphere is 
generally regarded as key; however inter-hemispheric communication is required for tasks 
that involve a combination of speech perception and the organization and control of limb 
and oral movements. Based on the articles we found, we can confirm the hypothesis that 
persons with intellectual do not show a uniform condition; some cognitive abilities can be 
disrupted more than others. More research is needed into the field of hearing diagnostics, 
but most of all into the field of achieving optimal hearing. We still have questions unanswered 
on hearing and auditory processing problems in adults with DS. For example, how can we 
provide the best care in hearing impairment for adults with DS? Can auditory memory 
span and auditory discrimination be improved by training? How to involve caregivers and 
management in improving communication?
With respect to device fittings and profit of hearing devices, several questions remain: How 
to improve the acceptance of hearing aids? Which types of therapy might improve the 
basal auditory skills of adults in general, or after hearing aid fitting, and possibly lead to 
improvements in speech recognition, speech production and communication? As auditory, 
speech and language skills are central features in the deveiopment of intellectual abilities, 
such as thinking, reasoning and remembering, as well as in social integration, it is essential 
that health-care pays close attention to hearing, speech and language throughout early life 
and into adulthood, in subjects with intellectual disabilities. It is important to stay alert
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on new developments that are suitable to improve the hearing and speech recognition of 
persons with Down syndrome.
Declaration of interest
The authors report no conflicts of interest. The authors alone are responsible for the content 
and writing of the paper.
36
Hearing disorders and auditory speech processing difficulties
in adults with Down syndrome: a review of the literature
References
Bird, E. K., Chapman, R. S. (1994). Sequential recall in individuals with Down syndrome. Journal of 
Speech and Hearing Research 37,1369-1380.
Broek, J., Jarrold, C. (2005). Serial order reconstruction in Down syndrome: evidence for a selective 
deficit in verbal short-term memory. Journal of Child Psychology and Psychiatry 
46:304-316.
Buchanan, L.H., (1990). Early onset of presbyacusis in Down syndrome. Scandinavian Audiology, 
19:103-110.
Buckley, S. (1999) Verbal short-term memory function. Down Syndrome Research and Practice Online.
Buckley, S.(2002). Individuals with Down syndrome. Down Syndrome Research and Practice Online, 
8:v-vii.
Bunn, L., Welsh, T., Simon, D.A., Howarth, K. & Elliott, D. (2003). Dichotic Ear Advantages in Adults With 
Down's Syndrome Predict Speech Production Errors. Neuropsychology 17, 1, 32-38.
Centres for Disease Control and Prevention, www.cdc.gov
Chapman, R S, Hesketh, L J. (2000). Behavioral phenotype of individuals with Down syndrome. Mental 
Retardation and Developmental Disabilities Research Reviews 6:84-95.
Chapman, R S, Hesketh, L J, Kistler, D J. (2002). Predicting longitudinal change in language production 
and comprehension in individuals with Down syndrome: hierarchical linear modeling. 
Journal of Speech Language and Hearing Research 45:902-915.
Davies, B. (1988). Auditory disorders in Down syndrome. Scandinavian Audiology suppl. 30:65-68.
Department of Health and Human Services, www.hhs.gov
Elliott, D., Gray, S., & Weeks, D. J. (1993). Cerebral specialization for speech perception and movement 
organization in adults with Down syndrome. Cortex 29, 103-113.
Evenhuis, H. M., van Zanten, G. A., Brocaar, M. P., Roerdinkholder, W H.M. (1992). Hearing loss in 
middle-age persons with Down syndrome. American Journal of Mental Retardation 
Jul;97:47-56.
Evenhuis, H.M., Lier, P.A. van. Hakker, A.A., Roerdinkholder,W.H.M., Bruin W.C.M. de, (1993). Effects of 
treatment of hearing loss in middle-aged persons with Down syndrome: a pilot study. 
International Journal of Disability, Development and Education, 40,159-162.
Evenhuis, H.M. (1995). Medical aspects of ageing in a population with intellectual disability: II. Hearing 
impairment. Journal of Intellectual Disability Research, 39, 27-33.
Evenhuis, H.M., Theunissen, M., Denkers, I., Verschuure, J. & Kemme, H. (2001). Prevalence of visual 
and hearing impairment in a Dutch institutionalized population with intellectual 
disability. Journal of Intellectual Disability Research, 45,457-464.
Jarrold, C., Baddeley, A.D. & Phillips, C.E. (2002). Verbal Short-Term Memory in Down Syndrome: A 
Problem of Memory, Audition, or Speech? Journal of Speech, Language, and Hearing 
Research, 45, 531-544.
37
Chapter 2
Kubba, H, Swan, I.R., Gatehouse, S. (2004). The Glasgow Children's Benefit Inventory: a new instrument 
for assessing health-related benefit after an intervention. Annals ofOtology, Rhinology 
and Laryngology 113, 980-986.
Kunst, S.J.W., Hol, M.K., Snik, A.F., Mylanus, E.A., Cremers, C.W. (2006). Rehabilitation of patients 
with conductive hearing loss and moderate mental retardation by means of a bone- 
anchored hearing aid. Otology and Neurotology 27, 653-658.
Kunst, S J, Hol, M K, Cremers, C W, Mylanus, E A. (2007). Bone-anchored hearing aid in patients with 
moderate mental retardation: impact and benefit assessment. Otology Neurotology 
28, 793-797.
Maatta,T., Kaski, M.,Taanila, A., Keinanen-Kiukaanniemi, S, livanainen, M. (2006). Sensory impairments 
and health concerns related to the degree of intellectual disability in people with 
Down syndrome. Down Syndrome Research and Practice 11, 78-83.
Marcell, M.M., Harvey, C.F., Paige Cothran, L. (1988). An attempt to Improve Auditory Short-Term 
Memory in Down's Syndrome Individuals through Reducing Distractions. Research in 
Developmental Disabilities, Vol. 9, 405-417.
Marcell, M.M., & Cohen, S. (1992). Hearing abilities of Down syndrome and other mentally handicapped 
adolescents. Research in Developmental Disabilities, 15, 533-551.
Marcell, M.M., Ridgeway, M.M., Sewell, DH, Whelan, ML.(1995). Sentence imitation by adolescents 
and young adults with Down's syndrome and other intellectual disabilities. Journal of 
Intellectual Disability Research 39 ( Pt 3), 215-232.
Mazzoni, D S, Ackley, RS, Nash, DJ. (1994). Abnormal pinna type and hearing loss correlations in Down's 
syndrome. Journal of Intellectual Disability Research 38 ( Pt 6), 549-560.
Meuwese-Jongejeugd, A., Vink, M., Zanten, B. van, Verschuure, H., Eichhorn, E., Koopman, D., Bernsen, 
R. & Evenhuis, H. (2006). Prevalence of hearing loss in 1598 adults with an intellectual 
disability: Cross-sectional population based study. International Journal of Audiology 
45, 660-669.
Pekkonen, E., Osipova, D., Sauna-Aho, O. & Arvio, M. (2007). Delayed auditory processing underlying 
stimulus detection in Down Syndrome. Neuroimage, 35,1547-1550.
Roberts, J.E., Price, J., Malkin, C. (2007). Language and communication development in Down 
syndrome. Mental Retardation and Developmental Disabilities Research Reviews 13, 
26-35.
Roizen, N J . , Wolters, Ch., Nicol, T., Blondis, T.A (1993). Hearing loss in children with Down syndrome. 
The Journal of Pediatrics, July.
Schrojenstein Lantman-de Valk, H. M. van, Haveman, M. J., Crebolder, H. F. (1996). Comorbidity in 
people with Down's syndrome: a criteria-based analysis. Journal of Intellectual 
Disabilities Research 40 (Pt 5),385-399.
Schrojenstein Lantman-de Valk, H.M. van, Haveman, M.J., Maaskant, M.A., Kessels, A.G., Urlings, H.F., 
Sturmans, F. (1994). The need for assessment of sensory functioning in ageing people 
with mental handicap. Journal of Intellectual Disabilities Research 38, (Pt 3), 289-298.
38
Hearing disorders and auditory speech processing difficuities
in adults with Down syndrome: a review of the literature
Sheehan, P.Z., Hans, P.S. (2006). UK and Ireland experience of bone anchored hearing aids (BAHA) in 
individuals with Down syndrome. International Journal of Pediatrie Otorhinolaryngology 
70:981-986.
Shott, S.R (2006). Down Syndrome: Common Otolaryngologic Manifestations. American Journal of 
Medical Genetics Part C: Seminars in Medical Genetics, 142C, 131-140.
Vicari, S. (2004). Memory development and intellectual disabilities. Acta Paediatrica, suppl. 445, 60- 
64.
Vicari, S, Carlesimo, A.; Caltagirone, C. (1995). Short-term memory in persons with intellectual 
disabilities and Down's syndrome. Journal of Intellectual Disability Research 39 (Pt 6), 
532-537.
39
40
Chapter 3
Evaluating the subjective benefit of hearing 
rehabilitation in adults with intellectual disability
Coppens-Hofman, M.C., Koch, H.H., Maassen, B.A.M., Snik, A.F.M. (2013) Evaluating the 
subjective benefit of hearing rehabilitation in adults with intellectual disability Hearing, 
Balance and Communication, 11: 24-29
41
Chapter 3
Abstract
Objective: Subjective benefit of hearing aid fitting was assessed in adults with hearing loss 
and moderate intellectual disabilities who live in supported accommodation for people with 
intellectual disabilities. Hearing aids were bilaterally fitted in 37 hearing impaired adults. 
Study design: Subjective benefit was assessed six months after hearing aid fitting with the 
'Glasgow Children's Benefit Inventory' questionnaire, which was completed by caregivers. 
Results: Questionnaire scores revealed good hearing aid use and variable, but relatively low, 
subjective benefit. Subjective benefit was absent or negative in one-third of the subjects. 
Conclusion: According to the caregivers, hearing aid fitting in hearing impaired adults with 
intellectual disability was only partially beneficial. As the mode of communication is often 
basic in assisted living environment, caregivers may be unaware of any hearing problems.
Key words: hearing loss, hearing aids, satisfaction, communication
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Introduction
Although hearing problems among subjects with intellectual disabilities living in supported 
accommodation are common, the hearing problems often remain unnoticed (ASHA, 1992; 
Evenhuis et al., 2001; Shott, 2006; Hild et al., 2008). Based on the reported high incidence 
of hearing problems, regular hearing screening of individuals with intellectual disabilities is 
recommended (ASHA, 1992; Shott, 2006; Evenhuis, 1996). Hearing screenings are, however, 
rarely implemented as part of regular health care (Shott, 2006; Hild et al., 2008). Although 
the Netherlands published guidelines on hearing screenings in 1996, hearing screenings are 
not widely implemented (Meuwese-Jongejeugd et al., 2006).
Meuwese-Jongejeugd et al. investigated possible causes for the difficulty in implementing 
hearing screenings (Meuwese-Jongejeugd et al., 2005; Meuwese-Jongejeugd et al., 2006). 
Causes for low compliance with hearing screening programmes and appropriate follow- 
up actions included the institution 's professionals' time constraints, lack of information 
to caregivers, insufficiënt support from the management and underestimation of the 
importance of good hearing.
Little research literature has been published on hearing rehabilitation in cases of permanent 
hearing loss and the literature available is not always encouraging. Evenhuis et al. (1993) 
reported little benefit of hearing aid fitting in nine hearing impaired subjects with an 
intellectual disability; the caregivers only reported subtle improvements. Meuwese- 
Jongejeugd et al. (2006) reported on a large project aimed at hearing rehabilitation in 
institutionalized adults with a hearing loss. Despite the commitment of all professionals 
(caregivers and audiologists), inclusion of subjects was troublesome; complete data were 
only available for three of the expected 100 participants.
Four reasons were given for the low completion rate: 1) hearing professionals were unable 
to manage the sudden influx of difficult-to-test subjects; 2) insufficiënt support was provided 
by the caregivers; 3) insufficiënt transfer of information was given from the audiology staff 
to the caregivers; and 4) hearing tests were insufficiently embedded in routine procedures. 
In a separate paper, Meuwese-Jongejeugd et al. (2007) reported that most of the hearing 
impaired subjects with intellectual disabilities in their study were completely dependent on 
their caregivers for hearing device use and maintenance.
In summary, rehabilitation of hearing impairment in subjects with intellectual disabilities 
might be problematic because of local conditions (including acoustics) and benefit is not 
guaranteed. However, literature is scarce on this topic. In contrast, promising results have 
recently been reported on the application of bone conduction devices in subjects with
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intellectual disabilities and conductive or mixed hearing losses, which are the two common 
types of hearing loss in this population (Hild et al., 2008). According to questionnaire 
responses, user compliance was good and user satisfaction was high (Sheehan & Hans, 
2006; Kunst et al., 2007).
In addition to factors such as degree of compliance and amount of device use to assess 
subjective benefit of hearing aid fitting, information on changes in communication is 
also important to investigate if hearing aid fitting has had a positive effect on daily life. 
Questionnaires are predominately used to gather information on these issues and are 
completed by the hearing aid users. Subjects with intellectual disabilities are, however, 
often unable to complete such questionnaires. Therefore, questionnaires are used that can 
be completed by a proxy responder. In most situations the proxy will be a direct caregiver. 
Intuitively, proxy responses seem acceptable as long as the proxy knows the subject well 
and feels confident that he or she can respond on behalf of the subject. The value of 
assessing subjective well-being by proxies has, however, been criticized as responses might 
be influenced by factors such as empathy, degree of intimacy between proxy and subject 
and (un)desired behavioural changes (Cummins, 2002). A proxy responder is likely to give 
the same answers the subject would have given when questions are objective or observable 
(e.g. number of visits to general practitioner, absence from activities, questions on eating or 
sleeping behaviour). Questionnaires to be completed by proxies should contain questions 
about/on objective or observable behaviour (Cummins, 2002).
The aim of our study was to assess the experienced subjective benefit of audiometrically 
validated hearing aid fitting in adults with moderate intellectual disabilities and hearing 
impairment. For this assessment we used a questionnaire that was to be completed by 
proxies. Subjective benefit was based on the amount of device use and changes in behavior 
and well-being. Furthermore, to assess whether or not caregivers were aware of the impact 
of hearing loss on the subject ' s functioning, two subgroups were formed: subgroup 1 
comprised subjects referred by their caregivers because of suspicion of hearing loss, and 
subgroup 2 comprised subjects identified via an on-site hearing screening. The study was 
approved by the local ethics committee.
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Subjects and methods
Subjects
In all cases, intellectual disability was congenital or diagnosed before the age of 12 years. The 
subjects had moderate intellectual disabilities (IQ between 35 and 55) and lived in special 
institutions for the intellectually disabled. Table I presents the group characteristics. To 
answer the second research question, analyses were performed on the two subgroups. The 
first subgroup comprised 21 (referred) adults. Concerningthe second subgroup, 282 adults 
with intellectual disabilities in two different facilities were screened on site by an audiologist 
experienced for hearing loss. When results indicated a conductive hearing loss, a general 
practitioner (GP) cleaned and examined both ears and, if appropriate, referred the subject 
to an ENT clinic. After treatment, a second audiometric measurement was performed.
In total, 56 subjects failed the hearing screening and were diagnosed with permanent bilateral 
hearing loss (sensorineural or mixed) in excess of 30dB HL. These subjects were considered 
candidates for hearing aid fitting. For unknown reasons, in 18 cases the caregivers or legal 
representatives did not give permission to fit hearing aids. Of the remaining 38 subjects, 
six refused to wear the hearing devices and two subjects died during the hearing aid trial 
period, which left 30 subjects. In 16 subjects, hearing aids were fitted and a follow-up 
assessment was performed six months after the hearing aid trail had ended. The remaining 
14 subjects are scheduled for hearing aid fitting.
Table 1 lists the characteristics of these two subgroups.
Audiometry and hearing aid fitting
In brief, testing was performed on location in the group home. All measurements were 
carried out by a single audiologist, and caregivers were present during testing to provide 
support if necessary. Audiometry was carried out in specially selected quiet rooms. Ambient 
noise levels were measured and varied between 23dBA and 35dBA, thus maximally 15dB 
above the ISO 8253 norm (ISO 8253-1). Standard equipment was used and Standard 
audiometric procedures followed. As several subjects were difficult to test, some data 
collection had to be completed over multiple sessions. Air-conduction thresholds as well as 
bone-conduction thresholds were measured. In addition, speech recognition was tested as 
a function of presentation level, using monosyllables (speech audiograms; Bosman, 1989). 
For cross-validation, the difference between the pure tone average (PTA; average hearing 
threshold at 0.5, 1 and 2 kHz) of the best-hearing ear was compared with the SRT (speech 
reception threshold), as derived from the speech audiogram. These two measures should
45
Chapter 3
be comparable; the mean difference was 2.0dB (SD of 6.2dB) in the advantage of the SRT, 
which is acceptable (Bosman, 1989), and validates the audiometric data.
The hearing impaired subjects were bilaterally fitted with behind-the-ear devices with wide- 
dynamic range compression and relatively slow attack and release times, thus, effectively, 
devices with an automatic volume control. The devices were fitted according to the clinic 's 
Standard procedures using the manufacturer 's fitting software using the so-called NAL-NL 
prescription rule ('National Acoustics Laboratories' procedure; Byrne et al., 2001).
Table 1. Group characteristics and outcomes
Total group 'Referred' 'Screened'
Number of subjects 37 21 16
Age (mean +/- s.d.; years) 53 +/-12 52 +/-13 55 +/-10
Male/female ratio 20/17 14/7 6/10
PTAac* (dB HL) right ear 49 +/-14 46 +/- 9 52 +/-18
PTAbc* (dB HL) right ear 38 +/-17 36 +/-13 40 +/- 22
PTAac* (dB HL) left ear 51 +/-12 49 +/-11 54 +/-14
PTAbc* (dB HL) left ear 39 +/-15 36 +/-13 43 +/-17
Gain (dB) 23 +/-11 20 +/-11 26 +/- 11
Speech recognition score at 65 dB (%) 89 +/-17 93 +/-18 85 +/-15
Outcomes
GCBI overall score (median, range) 10 (-19;+62) 13 (-19;+62) 1 (-8;33)
Device use:
>8 hours a day 25 14 11
6-8 hours 8 4 4
4-6 hours 1 1 0
2-4 hours 1 0 1
Non-users 2 2 0
*  PTA stands fo r mean hearing loss at 0.5, 1, and 2 kHz. The addition a cfo r air conduction and b c fo r  
bone conduction. The group 'Referred' comprised the subjects identified as hearing impaired by their 
care givers, the group 'Screened' those identified by the hearing screening program
After a six-week trial period, hearing aid fitting was evaluated for proper setting according 
to the NAL-NL prescription and by sound-field testing. If a subject reported insufficiënt 
amplification or irritating sounds, the device was fi ne-tuned and the trial period was 
prolonged. As equipment for objective hearing aid testing was not available at the institutes,
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sound-field speech perception testing was used to validate the fitting because speech testing 
is more informative than measurement of aided thresholds if hearing aids with adaptive 
amplification are used. If the aided SRT was approximately half of the unaided SRT value, 
then the fitting was considered adequate (desired gain for speech should equal about half 
the hearing loss; 15). This was achieved in 34 of the subjects to within 7dB.
Three of the 37 subjects did not cooperate sufficiently and no accurate SRTs could be 
measured. Nevertheless, these three subjects used their devices daily and this suggests 
that the devices were effective. Mean gain in SRT is presented in Table 1. In addition, the 
mean aided speech recognition score at conversational level (65dB SPL) was 89%, while the 
unaided score was 38%. On an individual level, 82% of the subjects had an aided score of 
90% or better.
Caregivers were instructed to check hearing aid function every day by provoking feedback 
from the hearing aid. According to the protocol, hearing tests and hearing aid check-ups 
were carried out six months after the first fitting and then every 12 months.
Questionnaire
As all adults in this study lived in institutions, primary caregivers acted as proxies. Only 
primary caregivers, defined as 'someone who had worked with the subject on a daily basis 
for the last two years', were asked to fill in the questionnaire. The questionnaire evaluating 
subjective benefit of the hearing aid fitting was sent to each caregiver six months after the 
trial period had ended.
On account of the developmental age of the subjects, the children's version of the Glasgow 
Benefit Inventory was used (Kubba, Swan & Gatehouse, 2004). This standardized post- 
intervention questionnaire was developed for the assessment of subjective benefit of 
interventions in the field of otorhinolaryngology (including hearing device fittings) in 
children and is referred to as the GCBI (Glasgow Children's Benefit Inventory). The GCBI 
comprises 23 questions to be completed by parents/proxies and responses are given on 
a 5-point Likert scale. The mean GCBI score is a number between -100 and +100 (-100 is 
extreme deterioration and +100 is perfect improvement). The GCBI has been used to assess 
subjective benefit of amplification in adults and children with intellectual disabilities (Kunst 
et al., 2007; McDermott et al., 2008; Damen, 2006).
The GBCI comprises questions related to observable behaviour as well as to subjective 
well-being. Kubba et al. performed a factor analysis on their original GCBI database and 
determined four factors (subdomains), labeled 'emotion', 'physical health', 'learning' and 
'vitality' (Kubba, Swan & Gatehouse, 2004). The factors 'physical health' and 'vitality'
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comprise the objective questions (because referring to observable behaviour), whereas the 
factors 'emotion' and 'learning' comprise the more subjective questions. In detail, 'physical 
health' comprises questions that cover (a change in) attendance at school or work, infections, 
visits to the GP, medication (questions 14,22-24) and a general question on physical health 
(question 1). 'Vitality' covers (a change in) liveliness, sleeping behaviour, eating, fun with 
friends and leisure activities (questions 5- 7,10,21). The other two subdomains cover 
personal, subjective items such as (a change in) self-consciousness, embarrassment when 
with others, distractibility, self-esteem, happiness, confidence, learning and irritability.
As well as the overall GCBI score, we analysed the results of these four subdomains 
separately. We also included one additional question in the questionnaire on device use. 
Proxies were asked whether or not the hearing aids were used daily, and if so, for how many 
hours a day (> 8, 6- 8, 4- 6, 2- 4, <2 hours a day).
Data analyses
Statistical analyses were performed using SPSS 17.0 for Windows. In each analysis, the level 
of statistical significance was set at 5%. As the GCBI scores were not normally distributed, 
non-parametric tests were used to study differences between subgroups (Wilcoxon rank- 
sum test). Numerical differences between subgroup characteristics (such as hearing loss 
and age) were tested with the t-test. In cases where the Standard deviations were unequal 
(tested with the F-test), Cochran-Cox corrections were applied.
Results
The questionnaire response rate was 100%. According to the proxies, at the time of 
evaluation 94% of the participants used their device on a daily basis. The remaining 6% 
(two subjects) were not using their devices due to a recent ear infection. However, as these 
two subjects were regular device users, their questionnaires were included in the analysis. 
Eighty-eight percent of the subjects used their hearing aids for at least 6 hours per day; see 
Table 1. This table also lists the mean GCBI data. Thirteen of the 37 subjects (35%) had a 
GCBI score of 0 or below, which indicates no subjective benefit of the hearing aid fitting. 
Figure 1 presents the GCBI subdomain scores for the two subgroups. Median overall score 
(indicated by the vertical lines) is +13 for subjects who were identified at the institutes 
by caregivers and +1 for subjects identified via the screening programme. The boxplot in 
the figure displays the first and third quartiles. Statistical analysis was performed to study
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whether or not the GCBI score was higher for subjects identified at the institutes than 
that of the subjects identified via hearing screening. A significantly higher GCBI score was 
found (z=1.66; p= 0.05). Testing for the four domains showed a significantly higher score 
for the domain 'learning' (z= 1.92; p=0.03) and a trend for the domain 'emotion' (z=1.50; 
P= 0.07). For the other two domains, 'physical health' and 'vitality', differences between 
the two groups were not significant. As Figure 1 shows, the median score for the physical 
health domain was the same for both groups (+ 7) and the inter-quartile ranges overlapped 
considerably. For the domain 'vitality' a large overlap in the inter-quartile ranges was also 
found. These data suggest that there was no difference between the two groups with 
respect to 'observable benefit'.
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Figure 1. GCBI scores. Total refers to the overall GCBI scores and emotion, learning, health and vitality 
to the GCBI subdomains. The boxes indicate the quartile 1-3 range, the horizontal lines in these boxes 
the median value. Results of the two subgroups are presented separately: per domain, the first box 
presents the data of subgroup 1- subjects that were suspected for having hearing loss (indicated by S) 
and the second box those of subgroup 2 -subjects identified by hearing screening (identified by nS).
Discussion
This study investigated the subjective benefit of hearing aid fitting in a relatively large group 
of adults with intellectual disabilities. Little has been published on this topic to date. Six 
months after final device fitting, all participants except two (due to otological problems) 
used their device on a daily basis. This indicates that participants were not averse to using
Score GCBI
SnS
Total Emotion Learning Health Vitality 
Domain
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the hearing aids. Figure 1 and the associated statistics show that although the GCBI scores 
were low, caregivers who referred the subjects for a hearing test reported higher subjective 
benefit than caregivers of subjects identified during the hearing screening. Higher scores 
were found for the 'most subjective domains' of the GCBI, namely, 'learning' and 'emotion'; 
for the domains with observable benefit items, little difference between the groups was 
found.
To explain why caregivers of subjects identified via hearing screening reported less benefit, 
a lack of alertness, knowledge or awareness with regard to the hearing problems might 
have played a role. These caregivers had not recognized the hearing loss in the first place. 
The poor score found in this subgroup is in accordance with the poor subjective benefit 
of hearing aid fitting in nine subjects with intellectual disabilities as reported by Evenhuis 
et al. In contrast, in our subjects device compliance was high, suggesting that subjects 
experienced at least some benefit from the hearing aids.
As much as 35% of the subjects had a GCBI score of 0 or below, i.e. no subjective benefit of 
the hearing aid fitting was reported. Statistical analysis indicated that age (55 +/-10 years) 
of these poor performers, their degree of hearing loss (mean of 48+/-10 dB HL) and their 
aided SRT (mean of 24+/- 5dB) were not different from that of star performers, namely the 
subjects with a GCBI score above the third quartile (n= 9; mean age: 55+/-13 years, mean 
hearing loss: 50+/-13 dB HL, mean aided SRT: 24+/-4 dB). This suggests that neither age, 
degree of hearing loss, nor aided performance played a significant role.
The present study has a number of limitations. The audiological measurements and hearing 
aid fittings were not carried out with the same accuracy as can be achieved when these 
tasks are carried out in the Audiological Centre. The reason why measurements and fittings 
were not performed in the clinic was so that these subjects could be tested in familiar 
surroundings.
Ambient noise in the test room might have influenced the hearing test (overall level maximally 
15dB above the ISO 8253-1 norm); however, as all the subjects had hearing loss exceeding 
30dB HL, ambient noise as a disturbing factor is not likely. Objective tests such as ABR 
(Auditory Brainstem Responses) instead of behavioural audiometric tests might have been 
the better choice. However, portable ABR equipment was not available and, furthermore, 
individual tone- and speech-reception thresholds showed good correspondence, which 
cross-validates the audiometric data.
As equipment to measure objectively the gain and output of the hearing devices was not 
available, it was not possible to ensure in the usual manner whether or not the fitting was 
optimal. Instead, the read-out device settings were critically evaluated and compared to
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NAL-NL targets (see Methods section). Furthermore, by comparing the aided and unaided 
SRT values, it could be concluded that amplification (gain) was adequate. Accordingly, the 
mean aided speech perception score at an input level of 65dB was almost 90%, on average. 
Part of each hearing aid evaluation visit was an interview with the subject. We kept records 
of these interviews and used them to optimize the hearing aid fitting. We analysed these 
unstructured data and there was no doubt; all the subjects experienced benefit, which is in 
accordance with the high degree of device use.
Not all subjects eligible for hearing aids were fitted: permission was not granted by family 
or legal representatives for 18 subjects, six subjects did not wish to participate and two 
subjects died during the study. In total, hearing devices were fitted to 54% of the identified 
candidates after hearing screening.
Why did so many legal representatives refuse permission to treat? We discussed the 
audiological outcomes with the subject 's carers. They contacted the legal representatives 
of the subjects and informed us later. It should be noted that neither the carers nor their 
legal representatives ever took any initiative related to the hearing problem of the subject; 
probably they were not (fully) awareof the (severity of the) hearing problem. Unfortunately, 
the present study does not present convincing evidence for these legal representatives and/ 
or candidates to change their minds in favour of hearing aid fitting.
The GCBI has been used to assess subjective benefit of hearing aid fitting in subjects with 
intellectual disabilities, namely, subjects with chronically diseased middle ears who were 
(unilaterally) fitted with a special bone-conduction device (Baha device). Kunst et al. (2007) 
reported a mean GCBI score of +30, which is much higher than the present result. This 
difference might be attributed to the type of hearing loss (predominantly conductive in the 
Kunst et al. (2007) study versus predominantly sensorineural in the present study) or the 
cause and degree of the intellectual disabilities. One-third of the Kunst et al. subjects lived 
with their families, thus probably in a verbally oriented and challenging communicative 
environment.
The GCBI has also been used in children with intellectual disabilities, completed by the 
parents. A mean score of +50 was reported in 24 children with Down syndrome, using a 
Baha device (McDermott et al., 2008) and +36 in deaf, intellectually disabled children using 
cochlear implants (Damen, 2006). This suggests that the GCBI is a sensitive measure of 
subjective benefit of amplification for such groups.
Minor difference was found between the two subgroups with regard to the observable items 
of the GCBI (especially for the domain 'physical health'); however, an obvious difference 
was found with regard to the more personal GCBI questions assessing aspects of well-being
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(domains 'emotion' and 'learning'). This difference was in favour of the subgroup of subjects 
that were identified by the caregiver as hearing impaired. Whether or not there is a real 
difference between the two subgroups or a difference in caregivers' perception/awareness 
cannot be answered with certainty.
In summary, although hearing devices can be fitted adequately in subjects with intellectual 
disabilities, caregivers did not generally acknowledge an effect of improved hearing. 
Subjective benefit was more favourable when a caregiver identified the hearing impairment 
than when hearing impairment was identified during a screening programme. Possibly, 
a lack of awareness of hearing impairment by caregivers plays an important role. We did 
not offer additional training; however, there are two reasons to do this in the future: 1) 
to improve the communication abilities of the subject; and 2) to involve the carers in the 
process of stimulating communication.
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A review of the literature
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Abstract
Background: This review gives an overview of studies on speech difficulties in adults with 
Down syndrome to identify causes and major determinants of poor speech intelligibility for 
this group and to suggest areas requiring further research.
Material and Methods: Exactly 39 published articles were selected by using the following 
MeSH search terms: speech disorders, articulatory apraxia, phonological impairment, 
articulation disorders, short-term memory, speech articulation disorders, and speech 
intelligibility. Articles were grouped for analysis based on themes related to underlying 
causes of speech difficulties and the diagnosis and treatment of speech difficulties. Future 
research needs are also presented.
Results: Speech problems in adults with Down syndrome are not clearly defined. There is no 
specific data on underlying mechanisms that negatively impact on speech and there is no 
systematic assessment procedure available for evaluating the speech of adults with Down 
syndrome. Few studies have investigated treatment possibilities for speech disorders in 
adults and future research is needed into speech difficulties in adults with Down syndrome. 
Conclusions: Research is required into therapeutic programs to improve the speech of adults 
with Down syndrome. One clinical consideration as to why this research is lacking might 
be that the speech problem is seen as a characteristic of the Down syndrome itself rather 
than being seen as the result of distinct underlying deficits that may be sensitive to speech 
therapy. To aid therapeutic program development, longitudinal studies of adolescents and 
adults with Down syndrome are required. Special attention could be given to investigating 
oral-motor characteristics and apraxia of speech.
Key words: Down syndrome • speech disorders • articulatory apraxia • phonological 
impairment • articulation disorders •short-term memory • speech articulation disorders • 
speech intelligibility
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Background
Speech intelligibility is an important prerequisite for effective communication. Adequate 
communication skills contribute to independence, self-confidence, and social involvement. 
People with Down syndrome have an increased incidence of hearing loss and speech and 
language difficulties (Roberts, Price & Malkin, 2007; NIDCD) a widespread problem is speech 
intelligibility which starts in childhood and remains in adulthood (Roberts, Price & Malkin, 
2007; Buckley, 2002; Chapman et al.,1998, Chapman, 2006; Kumin, 1994, Kumin, 2002, 
Kumin, 2006; Stoel-Gammon, 2001).
Down syndrome, a genetic condition where a person has an additional chromosome 
(trisomy 21), occurs in approximately 1 in every 800 live births. Some 80% of individuals 
with Down syndrome have a mild to moderate intellectual disability (NICHD) and, as such, 
it is the most frequent genetic cause of mild to moderate intellectual and developmental 
disabilities. The condition also has associated medical problems (NICHD; Barnes, Roberts & 
Long, 2009) and is associated with a variety of physical and behavioral characteristics, such 
as delayed language deveiopment, chronic otitis media, abnormalities in the immune and 
endocrine systems, and defects of the skeletal, heart, and digestive systems. Problems with 
speech production were mentioned by Landon in 1866 in the first known description of this 
syndrome. See also (van Borsel, 1996; Stoel-Gammon, 2001; Barnes, Roberts & Long, 2009).
At the beginning of the 20th century, life expectancy of people with Down syndrome was 
approximately 9 years; however, current life expectancy is approximately 50 years.
With this increase in lifetime, the needs of adults with Down syndrome require attention. 
With assistance from family and caregivers, many adults with Down syndrome have 
developed the skills required to hold jobs and to live semi-independently.
Although communication skills are crucial for adult social functioning (NICHD), little is known 
about the level of intelligibility and speech skills for adults with Down syndrome. Unlike 
children who typically develop 100% intelligible speech by age four, people with Down 
syndrome do not reach this level of speech intelligibility at any age (Kumin, 2002). Anatomy 
and physiological changes related to the syndrome cause poor speech intelligibility.
This literature review provides the reader with an overview of studies on speech difficulties 
and the causes of poor speech intelligibility in adults with Down syndrome. This review is part
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of a large, multidisciplinary research project on communication in adults with intellectual 
disabilities. This larger study has been approved by the corresponding Ethics Committee as 
meeting the Code of Ethics of the World Medical Association (Declaration of Helsinki).
Material and Methods
Electronic searches were conducted in PubMed and in Scopus databases. We selected 
search terms from the International Classification of Functioning, Disability and Health 
and MeSH that are relevant to speech intelligibility: speech disorders, articulatory apraxia, 
phonological impairment, articulation disorders, speech articulation disorders and speech 
intelligibility combined with the search terms adult and Down syndrome. The search term 
short term memory was also included as short-term memory has an effect on learning 
speech and language. A separate review has been written on 'hearing loss and auditory 
processing disorders in adults with Down syndrome'.
Table 1. Overview of search strategy and exclusions.
Search term Number 
of titles 
found
Number 
of titles 
excluded
Reasons for exclusion Number of 
titles used 
in review
Speech disorders 21 5 3: Addressing dementia or other 
syndromes 
1: Single case-report 
1: Addressing only expressions of 
parents
16
Articulatory apraxia 3 0 - 3
Phonological
impairment
5 3 1: Addressing other syndromes 
2: Addressing reading skills in 
children with DS
2
Short-term memory 24 6 3: Addressing aphasia or dementia, 
schizophrenia 
2: Addressing other syndromes 
1: About long-term memory only
18
Speech articulation 
disorders
28 3 l:Addressing other syndromes 
2: Irrelevant topics
25
Speech intelligibility 4 1 1: Addressing other syndromes 3
Subtotal 85 18 67
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Inclusion criteria
We limited our search to articles published from 1 January 1987 to 1 July 2011. Articles had 
to be written in English.
Exdusion criteria
Table 1 presents an overview of the number of identified articles and article exclusion. We 
excluded articles about syndromes otherthan Down syndrome as well as single case studies. 
In total, 85 articles were identified. After excluding 18 articles due to non-relevance to our 
research question, 67 titles of articles remained from the first search. Eight articles were 
repeated on three search terms and four articles were repeated on four different search 
terms. The total number of included articles was 39 (67 minus 28).
Results
We discuss the results of the remaining 39 articles from the database search and present 
our findings under several broad topics.
Anatomical, physiological, and neurological factors
In this section we describe major anatomical, physiological, and neurological factors 
associated with Down syndrome that impact or might impact on speech production.
Hearing loss
The first factor that affects speech production in persons with Down syndrome is the high 
prevalence of hearing loss. The main reason for hearing loss in this population is otitis media 
(Shott, 2001). Hypoplasia of the face causes abnormality in the nasopharyngeal area: the 
abnormal shape and the low muscle tone in the face leads to suboptimal functioning of the 
Eustachian tube (Shott, 2006). Two articles suggested that longer periods of otitis media 
might delay the development of speech and language (Stoel-Gammon, 2001; Roberts, Long 
& Malkin, 2005). Two studies reported that hearing impairment (due to either conductive 
or sensorineural hearing loss) was related to difficulties in speech intelligibility (Chapman et 
al., 2000; Miolo, Chapman & Sindberg, 2005).
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Changes to oral and oral-motor structures
Anatomical and physiological impediments in the oral structures can impact on speech 
production. There are a number of reasons why speech production in this population 
is poor: deficient growth of the bones of the head and face, underdeveloped maxilla bones 
and smaller, wider mandibles, and reduced space in the oral cavity leading to a tongue that 
does not fit well in the oral cavity (Dodd & Thompson, 2001). Reduced nasal resonance 
due to chronic respiratory infections and hypotonia of the specific speech muscles limit lip 
movements and can affect pronunciation of some consonants.
There are also several other organic characteristics of people with Down syndrome that 
hinder their speech (Dodd & Thompson, 2001). In a recent study investigating movement 
control in two adults with Down syndrome (Bunton & Leddy, 2011), results indicated that 
differences in movement control may contribute significantly to intelligibility deficits.
Hyperextendable joints and a limited range of motion were two additional factors identified 
in the literature that affect speech production (Barnes et al., 2006; Roberts, Price & Malkin, 
2007; Barnes, Roberts & Long, 2009). One article highlighted that an open mouth, drooling, 
and differences in respiration can also play a role (Dodd & Thompson, 2001).
Neurological characteristics
The central and peripheral nervous system of persons with Down syndrome have two 
distinguishing elements: the volume and weight of the brain is lower and the sulci arefewer 
and smaller.
Research by Welsh and colleagues (Welsh, Elliott & Simon, 2003; Bunn, Welsh & Simon, 
2003) showed that adults with Down syndrome have reverse lateralization for the perception 
of speech sounds -  that is, a left ear and right hemisphere dominance (in short: a left ear 
advantage) -  which has been confirmed in dichotic listening tasks and MRI studies. Elliott 
and colleagues (Elliott, Gray & Weeks, 1993) developed a model of neuropsychological 
evidence indicating that persons with Down syndrome exhibit atypical right hemispheric 
specialisation for speech perception and left hemisphere specialisation for motor control. 
Based on this model, the researchers predicted that persons with Down syndrome would 
have difficulty with tasks that involve speech perception as well as organisation and control 
of sequential movements, including speech.
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Tasks that combine speech perception with organization and control of speech movements 
require good interaction between the two brain hemispheres. Disruption or reversal in 
cerebral specialisation for speech perception, in combination with poor specialisation of 
the left hemisphere for speech production and the overall organization of movement, may 
contribute to difficulties in speech production (Elliott, Weeks & Elliott,1987; Elliott, Gray & 
Weeks, 1993). Malfunction of this complicated dynamics could lead to loss or degradation 
of information (Bunn et al., 2002).
In more recent research, rather than speech-specific abnormalities general lateralisation 
abnormalities were found (Groen, Alku & Bishop, 2008). In speech-specific abnormalities, 
researchers report apraxia of speech, defined as difficulty in executing motor programming 
of speech movements, and dysarthria, defined as weakness or discoordination of the 
articulators that result in slow,weak, imprecise,oruncoordinated speech (Dodd&Thompson, 
2001). Researchers also report facial hypotonia (low muscle tone), changes in innervation, 
lower speech rate, and a reduction in the precision of speech movements Roberts, Price & 
Malkin, 2007. Difficulties with coordinating tongue muscles and lip tension might lead to 
problems in articulation (Stoel-Gammon, 2001). Three studies also mention difficulties with 
coordinating speech articulators (Barnes et al., 2006; Roberts, Price & Malkin, 2007; Barnes, 
Roberts & Long, 2009) leading to speech production disorders.
Developmental issues and persistence of speech difficulties
Roberts and colleagues (2005) describe the speech of adults with Down syndrome as 
generally containing: (1) cluster reduction (consonant sequences are reduced by omission 
of one or more consonants); (2) final consonant deletion (consonants at the ends of words 
are omitted); (3) unstressed syllable omission, mostly at the start of a multi- syllabic word; 
and (4) consonant substitution (an incorrect consonant is produced, such as fricatives and 
affricates are produced as stops, /r/ and /I/ are produced as /w/, and consonants produced 
at the back of the mouth are substituted by frontal consonants). The authors also noted that 
the pattern of speech errors is inconsistent.
Some articles on adult speech included developmental information on speech production 
of children with Down syndrome. For example, in a study by van Borsel (1996) focusing 
on consonant and vowel production (monophthongs and diphthongs) of adolescents and 
adults with Down syndrome, it was found that articulation difficulties mainly occurred in the
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phonemes that are acquired in the final phase of speech-language development in typically 
developing younger children.
This contrasts with the early development of speech and language skills for children with 
Down syndrome, which, although delayed, develops in the expected developmental 
sequence. This was reported for babbling (Stoel-Gammon, 2001). The first real difficulties 
with speech emerge in meaningful speech. The onset of meaningful speech may be delayed 
by many months and further development of speech is slow, and inconsistent sound 
productions can occur (Dodd & Thompson, 2001).
Kumin (1994) analysed data from 937 parent questionnaires on speech intelligibility of 
children with Down syndrome. In 95% of cases, parents reported that their child had difficulty 
being understood; in only 5% of all cases did parents report that their child rarely or never 
had any difficulties being understood. Parents reported difficulties in the domain of oral 
motor skills, motor programming skills, and specific speech skills. Intelligibility difficulties 
were more frequent when the child was conversing with unfamiliar adults as compared to 
caregivers. Intelligibility is a widespread problem accordingto Kumin (1994).
By the age of eight, speech production patterns are still delayed and intelligibility is poor. 
Roberts and colleagues (2005) reported that, compared to younger boys of the same mental 
age, preschool- and school-aged boys with Down syndrome had delayed speech sound 
development, produced more sound errors, and produced more unusual error patterns on 
a single word articulation test.
Phonological impairment is often reported in children with Down syndrome (Barnes et 
al., 2006; Barnes et al., 2009) and Kumin (2006) pointed out that in children with Down 
syndrome, speech problems might often be caused by apraxia. In clinical practice, childhood 
apraxia of speech is not recognised in children with Down syndrome (Kumin, 2006) and 
because the apraxia is often not diagnosed, no treatment is ever provided, so problems 
remain lifelong. Childhood apraxia of speech is considered a neuro-motor difficulty in 
learning speech movement patterns. These difficulties are not naturally resolved as the child 
becomes older and speech intelligibility remains a problem throughout life (Chapman et al., 
2000). Remarkably, little detail is known about the exact nature of mis-articulations in adults 
with Down syndrome to confirm these findings. What we do know is that there seems to be
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a relationship between speech-motor development and language development (Roberts, 
Price & Malkin, 2007).
Two factors are reported to contribute to the persistence of poor speech intelligibility 
through adolescence and adulthood: auditory feedback and left-ear hearing advantage. 
Relevant anatomical and physiological problems are described in section 3.1 of this review 
article. Poor auditory feedback is due to deficient auditory processing in combination with 
chronic hearing difficulties (Roberts, Price & Malkin, 2007). Keller-Bell & Fox (2007) showed 
that individuals with Down syndrome have greater difficulty discriminating certain types 
of perceptual contrasts. The reported relationship between left ear advantage and speech 
errors could be a reflection of a different cerebral specialisation and brain development 
(Bunn, Welsh & Simon, 2003). Left-ear advantage means that the right hemisphere of the 
brain becomes dominant. The exact prevalence of deviating hemisphere specialisation is, 
however, unknown (Welsh, Elliott & Simon, 2003).
Aspects of memory
According to Jarrold and colleagues (2002), persons with Down syndrome show an inferior 
short-term memory for verbal tasks. They examined the effect of auditory problems on 
performance by contrasting memory for aurally presented material with that for material 
presented both aurally and visually. Influence of speech-motor difficulties was studied 
by employing both a traditional recall procedure and a serial recognition procedure that 
reduced spoken response demands. Two main results were found. Firstly, impaired verbal 
short-term memory performance for their level of receptive vocabulary, and secondly, this 
deficit was specific to memory for verbal information and was not primarily caused by 
auditory or speech-production difficulties.
Memory has an important influence on the development and storage of language and 
speech; it stores the pronunciation of phonemes and, via feedback, monitors production 
to improve intelligibility. Some studies reported more memory errors by adults with Down 
syndrome compared to other adults.
In a series of experiments, researchers investigated the influence of speech-motor 
difficulties in both a traditional recall procedure and a serial recognition procedure that 
reduced spoken response demands (Jarrold, Baddeley & Hewes, 1999; Jarrold, Baddeley & 
Phillips, 2002; Jarrold et al., 2004). Individuals with Down syndrome showed impaired short-
63
Chapter 4
term memory performance for receptive vocabulary. This deficit was specific to memory 
for verbal information and was not primarily caused by auditory or speech-production 
difficulties.
This problem might reflect a problem of phonological storage rather than inefficient 
rehearsal (which is not the prime cause of impairment of verbal short-term memory in Down 
syndrome). Jarrold and colleagues (2004) also showed that aspects of speeded articulation 
were delayed among individuals with Down syndrome, a factor which could not account for 
the severity of impairment in their verbal short-term memory performance.
A study by Bunn and colleagues (2002) showed that persons with Down syndrome tend to 
make more speech production errors in a word imitation task, which is related to short-term 
memory abilities. Purser & Jarrold (2005) showed that individuals with Down syndrome 
do not show atypically rapid item loss from phonological memory, but may have a limited 
capacity of their verbal short-term memory system. Broek & Jarrold (2005) provided strong 
evidence that Down syndrome is associated with a selective deficit in verbal short-term 
memory, and in particular a deficit in verbal serial order memory. Carlesimo and colleagues 
(1997) showed that children with Down syndrome are particularly deficient in organising 
verbal material according to its categorical structure and in actively retrieving stored 
information. These children displayed significantly lower long-term memory performances 
than normal.
Laws & Bishop (2003) found weak language profiles, comparable to the profiles often found 
in persons with specific language impairment (SLI) in adolescents with Down syndrome. The 
researchers concluded that impaired phonological memory was one of the main causes. 
According to Laws (2004), Laws & Gunn (2002), and Laws & Gunn (2004), phonological 
memory shows a stronger association with expressive language abilities of adolescents 
and adults than hearing loss, but only if hearing thresholds are low or when hearing loss 
is corrected by hearing aids. Laws and his team concluded that more research is needed 
to establish the nature of these relationships. If research should show that phonological 
memory has a causal role in expressive language deveiopment, this might yield a starting 
point for treatment.
Kittier and colleagues (2004) examined semantic and phonological loop effects on verbal 
working memory among middle-age adults with Down syndrome, and those with unspecified 
intellectual disabilities, in the context of Baddeley's working memory model. The results
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showed that, compared to their peers, participants with Down syndrome had poorer recall 
in all categories except phonologically similar words.
Memory development
Vicari (2004) studied memory development and intellectual disabilities comparing groups 
with Down syndrome, Williams syndrome, and normal intelligence age-matched Controls. 
With regard to explicit memory abilities, people with Down syndrome obtained lower 
performance scores than the other two groups. More recently, Conners and colleagues 
(2008) tried to improve the memory span of children with Down syndrome by means of 
a training procedure using overt cumulative rehearsal and auditory-only procedures. Little 
improvement was seen in digit span and no improvement was seen in sentence memory 
and verbal working memory. However, the authors reported a side effect: a relationship 
was seen in increased phonological coding and memory training. The authors suggest that 
individuals with Down syndrome might improve their auditory-verbal memory span through 
rehearsal training.
Short-term memory and verbal memory highly affect speech and language, and both these 
aspects are different or impaired in people with Dnwn syndrome. We have to take this 
into account when investigating the causes and persistence of speech problems and when 
developing treatment options and goals.
Methodsfor diagnosing speech problems 
Formal assessment
No definite assessment procedure is available for adults with Down syndrome for diagnosing 
underlying mechanisms of speech difficulties. In clinical practice, speech tests for children 
are mostly used to assess articulation and speech production in adults. In adults with Down 
syndrome, the correct diagnosis of disorders like apraxia of speech is too often missed at an 
early age.
However, one article did discuss the 'Oral Speech Motor Protocol' of Robbins and Klee 
(1987), an assessment procedure for adolescents with Down syndrome. This protocol 
requires direct observation of the major vocal tract structures and their functioning during 
speech and non-speech (oral) tasks. The test includes normative information for children
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from the ages of 2 to 6 years and has been used in testing speech in adolescents with Down 
syndrome. Unfortunately, no data were found for adults (Barnes et al., 2006).
Survey
Two studies reported results from a parent-completed survey to collect information on 
prevalence and causes of poor speech intelligibility (Kumin, 1994; Kumin, 2006) and Kumin 
(2006) found a significant correlation between the diagnosis of childhood apraxia of speech 
and intelligibility ratings given by the parents. Kumin (1994) reported that 15% of children 
with Down syndrome that had speech problems also had a diagnosis of apraxia of speech; 
yet for 60% of these children with speech problems and no diagnosis of apraxia, parents 
reported that their child had impaired oral motor skills. It is likely there are many children 
having Down syndrome with undiagnosed apraxia of speech and therefore it is likely that 
there is a large population of adults with undiagnosed apraxia of speech.
Childhood apraxia of speech results in lower speech intelligibility; however, as there is no 
conclusive diagnostic test for adults with Down syndrome, we can only speculate on the 
prevalence of apraxia in the adult population and on its impact on speech intelligibility. 
Evaluation instruments are mainly descriptive and rely on speech analysis and speech sound 
imitation skills. A diagnosis of apraxia of speech for people with Down syndrome is generally 
made in middle childhood or adolescence when valuable treatment time has been lost.
Treatment
Communicative interventions for people with Down syndrome mainly aim at improving 
expressive and receptive language rather than speech production. The speech production 
problems in adults with Down syndrome are often seen as a problem taken for granted 
(Alcock, 2006). No validated treatment methods are available for improving speech of 
people with Down syndrome. This might also be caused by a lack of diagnostic assessment 
procedures for the cause of their speech problems.
it is unclear if developing specific treatments to improve the speech of adults with Down 
syndrome would benefit this group of speakers. Many researchers haveclaimed thatthe skills 
begin to plateau when a child with Down syndrome reaches adolescence. However, three 
recent studies have shown that adolescents and adults with Down syndrome can benefit 
from language intervention programs like was seen at the University of Wisconsin-Madison 
(Chapman et al., 2000; Chapman, Hesketh & Kistler, 2002; Chapman, 2006; University of
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Wisconsin-Madison, 2009). The longitudinal study by Chapman and her research team 
showed that language skills continued to improve beyond the teenage years, and suggests 
that language-learning programs for adolescents and young adults with Down syndrome 
could be effective.
Discussion and Conclusions
This review had three aims: (1) to provide an overview of the studies on speech difficulties 
leading to poor speech intelligibility in adults with Down syndrome; (2) to identify causes of 
poor speech intelligibility for this group; and (3) to suggest areas requiring further research.
While modern advances in medical sciences have improved the health of children with 
Down syndrome, a concern remains about the development of communication skills. 
Studies have demonstrated that adolescents and adults with Down syndrome can learn new 
speech/ language skills and suggest that interventions could be effective at any age. In order 
to develop effective treatment programs to improve oral communication and intelligibility 
of speech, problems in speech development and the persistence of speech difficulties need 
to be investigated. Most studies on Down syndrome in relation to speech production mainly 
concern children under the age of 15 years (van Borsel, 1996) and results suggest that, 
without intervention, speech will not improve in adulthood.
If speech intelligibility is not high enough to support verbal- only communication, 
augmentative or alternative communication might be considered (Roberts, Price & Malkin, 
2007). Given that 97% of all people with Down syndrome use speech as their main form 
of communication, and that speech production and speech perception are ongoing issues 
which may limit community participation, it is clear that developing assessments for 
evaluating speech production and intelligibility, and developing interventions to improve 
verbal communication, are of major importance.
Where hearing loss is a barrier to improving intelligibility, the first step has to be the 
rehabilitation of hearing. Rehabilitation should involve both hearing-aid fitting and auditory 
training. Regular hearing screening to monitor any changes in hearing status remains of 
great importance.
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As speech and language skills are central to the development of mental abilities (such as 
thinking, reasoning, and remembering) and to social inclusion, it is essential that caregivers, 
teachers/mentors, and therapists discuss speech and language development at all stages 
of an individual's life. Considering the constant changes in the brain, its plasticity, and the 
development of behavioral and social skills in this group, it does not seem justified to use 
the same diagnostic procedures and treatment programs for children for adults.
Research is required into therapeutic programs to improve the speech of adults with Down 
syndrome. One clinical consideration as to why this research is lacking might be that the 
speech problem is seen and described as a characteristic of the Down syndrome itself rather 
than being seen as the result of distinct underlying deficits that may be sensitive to speech 
therapy. To aid therapeutic program development, longitudinal studies of adolescents and 
adults with Down syndrome are required to determine the developmental progression 
of speech and language. Special attention should be given to investigating oral-motor 
characteristics and apraxia of speech.
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Abstract
Background: In individuals with an intellectual disability, speech dysfluencies are more 
common than in the general population. In clinical practice, these fluency disorders are 
generally diagnosed and treated as stuttering rather than cluttering.
Purpose: To characterise the type of dysfluencies in adults with intellectual disabilities and 
reported speech difficulties with an emphasis on manifestations of stuttering and cluttering, 
which distinction is to help optimise treatment aimed at improving fluency and intelligibility. 
Method: The dysfluencies in the spontaneous speech of 28 adults (18-40 years; 16 men) 
with mild and moderate intellectual disabilities (IQs 40-70), who were characterized as 
poorly intelligible by their caregivers, were analysed using the speech norms for typically 
developing adults and children. The speakers were subsequently assigned to different 
diagnostic categories by relating their resulting dysfluency profiles to mean articulatory rate 
and articulatory rate variability.
Results: Twenty-two (75%) of the participants showed clinically significant dysfluencies, 
of which 21% were classified as cluttering, 29% as cluttering-stuttering and 25% as clear 
cluttering at normal articulatory rate. The characteristic pattern of stuttering did not occur. 
Conclusion: The dysfluencies in the speech of adults with intellectual disabilities and poor 
intelligibility show patterns that are specific for this population. Together, the results suggest 
that in this specific group of dysfluent speakers interventions should be aimed at cluttering 
rather than stuttering.
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1. Introduction
1.1 Background
In many adults with intellectual disabilities (ID) speech intelligibility is poor,1 with speech 
production being diversely affected. Dysfluency of speech is common in this group and 
in clinical practice the manifestations of disrupted speech are customarily diagnosed and 
hence treated as stuttering (Van Borsel & Vandermeulen, 2008). However, to date, little 
research has been published on the differentiation between types of dysfluencies in 
this population. In a survey Bray (2003) asked 27 speech-language therapists to identify 
the dysfluencies in the speech of their clients with Down syndrome. They predominantly 
characterised the dysfluencies as stutter-like in nature. Dysfluencies may be a determinant 
of poor intelligibility in adults with ID, directly influencing their quality of life, with their poor 
communication skills leading to social isolation. Treatment aimed at improving intelligibility 
is therefore highly relevant, but in order to optimise interventions we first need to learn 
more about the exact nature of the dysfluencies in this vulnerable group.
1.2 Dysfluencies and fluency disorders
There are several views on the classification of dysfluencies. Generally, two types are 
differentiated: stutter-like dysfluencies (SDF) and normal or non-stutter-like dysfluencies 
(NDF; Ward, 2006), although there is still discussion about their exact definitions 
and classification. For the purpose of our study, we defined SDFs as blocks or stops, 
prolongations, tensed word repetitions, and tensed part-word repetitions (Guitar, 2006), 
while NDFs were defined as multiple unstressed repetitions of words, word parts, and 
phonemes, interjections and revisions. Table 1 lists the different dysfluency subtypes, along 
with examples. NDFs are frequent in spontaneous speech (Howell & Au-Yeung, 2002), but 
when their frequency exceeds a particular threshold, they are considered to contribute to 
the diagnosis of a fluency disorder.
1 Speech intelligibility is usually defined as word or utterance recognition in natural communication 
situations (Smith & Nelson, 1985). Intelligibility depends on the quality of the speech output and 
the number of correctly produced phonemes in the relevant language. Intelligibility varies with 
the nature of the spoken material (e.g. linguistic structure, familiarity, length of utterance) and the 
context of communication (contextual support, quality of the acoustic transmission, quality of the 
auditory signal, and availability of visual cues from the speaker; Kent, 1992).
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Table 1. Overview of normal non-stutter-like dysfluencies (NDF) and stutter-like (SDF) dysfluencies
NDF Definition and example
Word repetition The unstressed reiteration of a complete word 
'horse...horse'
Word part repetition The unstressed reiteration of a part of a word 
'ho...horse'
Interjection The addition of a sound, word or phrase that is unrelated to the
utterance
'uh...'
Revision The rephrasing of an utterance 
'1 am...l went to school'
Sentence part repetition Reiteration of a part of a sentence 
7 went...l went to school'
Phoneme repetition Reiteration of a single phoneme 
'w..water'
Multiple phoneme repetition Reiteration of multiple phonemes 
'str...stroke'
SDF Definition and example
Tensed word repetition The stressed reiteration of a complete word 
'horse...horse'
Tensed part word repetition The stressed reiteration of part of a word produced at a high rate
or in a dysrhythmic fashion
'ho...horse'
Prolongation Lengthening of a single phoneme
'fffffffffish'
Block/stop Involuntary pausing or breathing resulting from the inability to 
initiate an upcoming phoneme 
'.......book'
In stuttering recurrent SDFs interrupt speech, but when speech contains an exceptionally 
high frequency of NDFs, this is denoted as cluttering (ASHA, 1999). Two broad subtypes are 
distinguished in stuttering. Primary stuttering is seen in young children prior to their being 
aware of their speech, while stuttering in adolescents and adults that havefull awareness of 
speech is referred to as secondary stuttering (Bloodstein, 1995). However, this differentiation 
is theoretical and not universally accepted as there are also very young children that are 
aware of their dysfluent speech, exhibiting concomitant stuttering behaviour (Bloodstein, 
1995). In general, adolescents and adults who stutter are aware of their interruptions, 
perceive their speech problems as a serious obstacle for normal communication, and often 
exert extraordinary physical and mental effort to achieve fluent speech (Guitar, 2006).
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From the speaker's perspective, stuttering can manifest itself as "the involuntary disruption 
of a continuing attempt to produce a spoken utterance" (Perkins, 1990, p. 376) causing 
"the forward flow of speech to be interrupted by a motorically disrupted sound, syllable, 
or word, or by the speaker's reactions thereto" (Van Riper, 1982, p. 5). People who stutter 
often show frustration, embarrassment and a fear of speaking (Guitar, 2006).
Cluttering can be defined as "a disorder of both speech and language processing that 
frequently results in rapid, dysrhythmic, sporadic, unorganized, often unintelligible speech" 
(see St. Louis & Schulte, 2011 and Daly, 1993, p. 7). In addition, speech may be poorly 
articulated and contain an excessive number of normal (or non-stammered) dysfluencies 
(such as ums, ers and restarts) and unusually placed pauses (St. Louis & Schulte, 2011). 
Cluttering is characterised by three main features: (1) a rapid and/or irregular articulatory 
rate (Daly, 1993; St. Louis, 1992; St. Louis, Raphael, Myers, & Bakker, 2003); (2) a higher 
than average dysfluency rate that is dissimilar to that seen in stuttering, and (3) reduced 
speech intelligibility due to bursts of fast speech and indistinct articulation (Daly & Burnett, 
1999; St. Louis, Myers, Bakker, & Raphael, 2007; St. Louis et al., 2003; Ward, 2006). A fourth, 
typical symptom of cluttering is telescoping, which is the merging of syllables and deletion of 
word parts within a word (e.g. 'horrific' becomes 'horfic' and 'television' becomes 'tevision'; 
St. Louis et al., 2007; Ward, 2006). People who clutter are mostly unaware of their problem, 
but do know their speech is poorly intelligible (Guitar, 2006).
1.3 Diagnosing stuttering and cluttering
Speech-language pathologists generally agree that stuttering and cluttering represent 
two different fluency disorders that should be treated differently. However, a differential 
diagnosis is difficult because the two disorders have similar characteristics and often occur 
in conjunction with each other, with other speech/language-based disorders, and with 
more general conditions such as mental retardation and learning disabilities (e.g. Van Borsel 
& Tetnowski, 2007; Ward, 2006). Diagnostic assessment typically looks at the frequency, 
duration, type and severity of dysfluencies in spontaneous speech and generally involves 
counting the fluent and dysfluent components in a speech sample (either on video or audio 
tape or in vivo). Since criteria for categorising dysfluencies are not systematically applied 
across studies (Stansfield, 1988; Van Borsel & Tetnowski, 2007), in clinical practice diagnoses 
tend to be based on the subjective judgments of speech-language pathologists. As a result, 
cluttering is often not diagnosed. Several recent studies have addressed the differential 
diagnosis of stuttering and cluttering in typically developing children and adults (e.g. Van
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Zaaien, Wijnen, & Dejonckere, 2009a, 2011), but no such parameters have as yet been 
established for people with intellectual disabilities (IQ.<70) or severe learning disabilities. 
One measure to differentiate stuttering from cluttering is the dysfluency ratio (RDF), i.e. the 
relative occurrence of SDFs and NDFs in a given speech sample, where RDF values smaller 
than 1 are indicative of stuttering and values larger than 2.7 of cluttering (Van Zaaien et al., 
2011), while intermediate values are denoted as stutter-clutter variants. Furthermore, if 
SDFs exceed a 3%-threshold, this is considered indicative of stuttering (Yairi, 2007).
The mean articulatory rate (MAR) can also facilitate a differential diagnosis. MAR is calculated 
based on five rate measurements over minimally 10 to maximally 20 consecutive syllables 
of perceptually fluent speech, excluding utterances that contain within- or between-word 
dysfluencies, hesitations, or pauses greater than 250 ms. (Van Zaaien et al., 2009a). As 
cluttering is often considered to be a disorder of speech planning, MAR is determined based 
on the linguistic form. For fluent speakers with normal cognition MAR is between 4.4 and 
5.5 syllables per second (sps), but for those who stutter it tends to range from 2.5 to 5.3 sps 
(Van Zaaien et al., 2009a). In clutterers, articulatory rate is inconsistent. They tend to speak 
at a normal rate but with intermittent, sudden bursts of rapid speech, where rapid speech is 
generally defined as being more than one Standard deviation (SD) above the MAR for fluent 
speakers. MARs exceeding 5.2 sps combined with a high number of NDFs are taken to be 
indicative of cluttering (e.g. Van Zaaien, Wijnen, & Dejonckere, 2009a and 2009b). 
According to St. Louis et al. (2003) the articulatory rate in typical bursts of rapid speech 
ranges from 6 to 7 sps. As a normal MAR interspersed with episodes of rapid speech will 
increase overall MAR variation (MAR-v), this is also considered a diagnostic marker of 
cluttering. There are no normative values for MAR-v, but Van Zaaien et al. (2009a) defined a 
deviant MAR-v as a variation in articulatory rate > 1.0 SD above the MAR-v across speakers 
in general.
1.4. Dysfluencies in adults with ID
To some extent dysfluencies are a natural element of speech. In a Dutch study. Bosboom, 
Derksen, Duizendstra, Hoefnagel, & Visser (2009) recorded a mean of 9.55 NDFs per 100 
utterances in a group of 75 adolescent speakers without speech or language disorders. 
Recent studies indicate that the frequency of dysfluencies in the speech of adults with mild 
and moderate ID is higher than is seen in the general population (Van Borsel & Tetnowski, 
2007). As stated above, although the different types of dysfluencies have recently been 
described and categorised for typically developing adults and children (Van Zaaien et al. 
(2009a), no such classification is as yet available for people with ID. The reported prevalence
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of stuttering in this population varies and only a few studies, all solely including adults with 
Down syndrome, also assessed cluttering.
Otto and Yairi (1974) studied the speech of 19 institutionalised adults with Down syndrome 
and 19 typically developing peers and found that the speech patterns of all Down syndrome 
participants resembled those found in developmental stuttering. Preus (1973) diagnosed 
13% of his speakers with Down syndrome with cluttering, 28% with stuttering, and 19% with 
a combination of cluttering and stuttering, while in 40% no dysfluencies were apparent. 
According to Devenny and Silverman (1990), the speech of 42-59% of their participants 
with Down syndrome could be characterised as dysfluent, with 33% displaying symptoms of 
stuttering. The authors did not provide information on other types of dysfluencies.
Several authors argue that in Down syndrome research speech problems are often not 
diagnosed properly (Bloodstein, 1995; Van Borsel & Vandermeulen, 2008). Based on their 
survey amongst 26 speech-language pathologists whose combined caseload included 76 
clients with Down syndrome. Van Borsel and Vandermeulen (2008) concluded that 79% 
could be classified as clutterers and 17% as clutterer-stutterers, which pattern might be 
typical for this group.
As treatment targets the speech pathologies that underlie poor intelligibility, it is crucial to 
differentiate between stuttering and cluttering. Therapy for stuttering uses an integrated 
behavioural, affective and cognitive approach to improve speech production without 
focusing on the specific problems in a client's speech. Therapy for cluttering, on the other 
hand, mainly aims at making the client aware of the compromised aspects of his or her 
speech, such as a fast or variable speech rate, while addressing other contributing factors, 
such as deficiencies in formulating and expressive language skills (Guitar, 2006).
1.5 Aim of the study
The present study sets out to specify the types and frequencies of speech dysfluencies 
in relation to articulatory rate in a Dutch sample of adults with ID of mixed aetiology and 
reported poor intelligibility. Ours is the first study to do so for this population. Emphasis is 
on the characteristics of stuttering and cluttering in spontaneous speech. Dysfluencies will 
be identified and categorised as stutter-like or non-stutter-like and the results compared to 
known differential dysfluency patterns. With our analysis we seek to objectify diagnoses by 
quantifying the ratio of the different types of dysfluencies, which is why we also looked at 
other manifestations of dysfluency, i.e. telescoping and abnormal speech rate. The results 
will be used to classify the speech of our participants as stuttered, cluttered, cluttered- 
stuttered orfluent, as well as to determine the severity of their speech difficulties. By doing
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so, we hope to gain more insight into the underlying speech and language production 
processes in this population, which will help optimise clinical management.
2. Method
2.1 Participants
Thirty-six candidates aged between 18-40 years (mean 28 yrs), 19 of whom were men, all 
with a mild to moderate intellectual disability (IQ 40-70) according to the DSM IV were 
selected on the basis of their overall level of daily functioning and their desire for improved 
social interaction by communication as reported by their parents and primary caregiver. 
The speech of all was characterised as poorly intelligible by their caregivers, meaning that 
they believed the quality of their client's speech to be so poor that others in their living 
and sheltered work environment could not understand them well enough. Their speech 
problems had never been assessed by diagnostic tests, the cause of the poor intelligibility 
was unclear, and none had received speech therapy. Exclusion criteria were: cleft lip/cleft 
palate and spastic dysarthria, severe behavioural problems or a diagnosis of dementia or 
autism.
2.2 Data collection
The speech samples of all 36 participants were collected by the same experienced speech 
therapist-researcher. A first meeting was arranged a week before the recordings to allow 
the participants to familiarise themselves with the interviewer, setting and recording 
equipment. To prevent any stress or arousal, all recordings were made in quiet rooms in the 
participants' own care facility or sheltered workshop in the presence of a silent observer, in 
most cases the primary caregiver. In no case was a participant asked to come to an unknown 
or clinical setting.
Speech was recorded with a digital solid-state recorder (Marantz PMD620), with the internal 
microphone located 40-50 cm from the participant's mouth, and saved in high-quality 
mono wave files. Samples comprised 2 to 6 minutes of spontaneous speech in response to 
open questions. No participant was rushed and the duration of the samples hence varied 
depending on the participant's pace. The samples of eight speakers were excluded because 
speech consisted of one-word utterances or repeated one-word utterances only. Thus, the 
speech samples of 28 (16 male, 12 female) participants were included for further analysis, of 
whom 16 (57%) had a mild and 12 (43%) a moderate ID. More specifically, 11 participants had
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Down syndrome, one participant had fragile-X syndrome and another Turner's syndrome, 
two had sustained brain damage in the first year of life, three had a chromosomal deficiency, 
four had suffered hypoxia during birth, and in the course of the study two participants were 
diagnosed with specific genetic microdeletions (Willemsen et al., 2011). In four cases, the 
cause of the ID was unknown. Because 11 of the 28 participants had Down syndrome, we 
will compare their results with those of the other 17 participants.
2.3 Categorisation of dysfluencies
All spoken utterances were transcribed and analysed. Fully unintelligible speech was marked 
separately and excluded from further analysis. The remaining utterances of all 28 samples 
were segmented and counted, and dysfluencies, articulatory rate, the number of stops and 
the number of repetitions determined.
Dysfluencies were identified and categorised followingthe procedure adopted by Van Zaaien 
and Winkelman (2009a), which was primarily developed for the assessment of the speech of 
(Dutch-speaking) children. In the absence of similar benchmarks for Dutch-speaking adults 
with ID, we decided to use their criteria for children in the same developmental age range 
as our participants. Two researchers independently labelled and categorised all dysfluencies 
and counted the total number of dysfluencies. Inter-rater reliability waschecked and at least 
90% agreement in dysfluency categories was achieved for each speech sample.
NDF and SDF percentages were calculated based on the occurrences of the two dysfluency 
types per 100 utterances. Segments of fluent speech (i.e. which did not contain any 
pauses or dysfluencies but could include telescoping) were selected by visual and auditory 
inspection using the PRAAT software for speech analysis on the basis of which MAR (in sps) 
was calculated (Boersma & Weenink, 2009). According to van Hall, Amir, and Yairi (1999), a 
reliable MAR requires at least five measurement points with each point comprising 10-20 
fluent syllables. As our speech samples did not always contain sufficiënt connected and 
fluent syllables, we adjusted the criterion to three measurement points of 5-10 connected 
syllables each. MAR values larger than 5.4 sps and MAR-v values larger than 3.3 sps were 
considered to be deviant (Van Zaaien, 2007).
Based on NDF, SDF, RDF and MAR, as well as the percentage of telescoping, a participant's 
speech was classified as 'stuttered', 'cluttered', 'cluttered-stuttered', or 'no dysfluency 
disorder'. NDF values in excess of 10% were taken to reflect cluttered and SDF percentages 
exceeding 3% stuttered speech. An overview of the classification criteria is presented in 
Table 2.
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Table 2. Classification and diagnoses of speech impediments
NDF & SDF RDF MAR MAR-v Diagnosis
% NDF < 10, % SDF < 3 var var var No dysfluency disorder
% NDF < 10, %  SDF >3 <1 Normal Normal Stuttering
% NDF < 10, % SDF > 3 <1 > 5,4 sps or > 3,3 sps Cl utteri ng-Stuttering
% NDF > 10, % SDF > 3
c\TI var var Cl utteri ng-Stuttering
% NDF > 10, % SDF > 3 > 2,7 Normal Normal Cluttering-Stuttering
% NDF > 10, %  SDF <3 > 2,7 > 5,4 sps or > 3,3 sps Cluttering
% NDF > 10, %  SDF <3 > 2,7 Normal Normal Cluttering normal MAR*
Note: value = variable (var): variable value, does not contribute to classification.
*This category was added to account for a number of participants who showed all cluttering 
characteristics but had normal articulatory rate. Further explanation is provided in the text in section 
3.3.
NDF = Normal, non-stutter-like dysfluencies, SDF = Stutter-like dysfluencies, RDF = Ratio dysfluencies: 
NDF/SDF, sps = Syllables per second, MAR = Mean articulatory rate
2.4 Statistica I analysis
Multivariate analyses of variance were conducted to test whether there were any effects of 
age (two age bands: 18-25 and 26-40 yrs), gender, level of functioning (mild or moderate ID) 
and cause of ID (if known) on the outcome measures (% NDF, % SDF, RDF, MAR, MAR-v, and 
% telescoping). The significance level was set at p < .05, while p values < .10 were considered 
trends.
Results revealed a significant effect of age category on MAR-v [F(l,23) = 13.108; j)< 0.01]. No 
other significant effects were found. To check whether the effect of age on MAR-v could be 
an artefact of the age ranges chosen, we performed a Pearson's correlation. A bootstrapping 
method (case resampling with replacement; 1000 samples) was used to construct a 95% 
confidence interval. The correlation could be qualified as a trend effect, but strictly speaking 
failed to reach significance [r = -0.399; p = 0.054], while the confidence interval was broad 
[95% Cl = -0.037 - -0.714], We accordingly concluded that the age effect found in the 
analysis of variance was largely dependent on our categorisation. Therefore, age, gender, 
and ID were ignored in the subsequent analyses.
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2.5 Ethics approval
This study was approved by the Ethics Committee of the Radboud University Nijmegen 
Medical Centre. Potential participants and their legal representatives received written and 
oral information on the study in advance and written consent for the study and speech 
recordings was obtained from all legal representatives, parents, caregivers and participants.
3. Results
3.1 Dysfluencies
Table 3 presents the overall number of normal dysfluencies (NDF) and stutter-like 
dysfluencies (SDF) per 100 spoken utterances. NDFs occurred almost four times more 
often than SDFs (78.8% and 21.2%, respectively). Furthermore, most of the NDFs were 
interjections (66.7%), while the SDFs were predominantly block/stops (69.2%). The mean 
percentage of telescoping was 3.83% (SD=2.36; range 0 - 8.3). Mean MAR was 5.0 sps (range 
2.9 - 7.1,5D=1.0) and mean MAR-v 2.5 (range 1.2 - 5.9, SD=1.1).
Table 3. Percentages of normal, non stutter-like (NDF) and stutter-like dysfluencies (SDF), broken down 
by subtype.
Dysfluency type Mean (SD) Range
NDF
Word repetitions 2.31 (2.54) 0 - 8.72
Word part repetitions 0.88 (1.49) 0 - 6.67
Interjections 11.65 (9.59) 0 - 44.44
Revisions 0.89 (1.11) 0 - 3.57
Sentence part repetitions 0.70 (0.87) 0 - 3.45
Phoneme repetitions 0.84 (1.21) 0 - 4.44
Multiple phoneme repetitions 0.21 (0.52) 0 - 2.22
Total NDF 17.47 (11.62) 0 - 52.78
SDF
Tensed word repetitions 0.20 (0.50) 0 -1.85
Tensed part word repetitions 0.44 (0.86) 0 - 3.45
Prolongations 0.81 (1.58) 0 - 5.56
Block/stops 3.26 (8.03) 0-41.67
Total SDF 4.71 (9.36) 0 - 47.22
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3.2 Correlations
In Table 4 the correlations between NDF, SDF, telescoping, MAR, and MAR-v are listed. We 
found a very strong positive correlation between the NDF and SDF percentages, i.e. the 
higher the frequencies of normal dysfluencies, the higher the relative number of stutter-like 
dysfluencies. SDF percentage was also found to be negatively correlated with the percentage 
of telescoping: the more telescoping, the fewer the SDFs.
MAR was found to correlate with telescoping and MAR-v. The MAR-telescoping correlation 
was negative in that less telescoping is seen when MAR is higher. MAR and MAR-v were 
positively correlated: when the MAR is higher, the variation in MAR is also higher. No 
significant correlations were found between MAR or MAR-v and SDF or NDF.
Table 4. Correlations between NDF and SDF percentages and RDF. Significant correlations are indicated 
by asterisks (** p<0.01; * p<0.05).
% NDF % SDF % telescoping MAR MAR-v
r 0.754"
% SDF P
95% Cl
<.001 
0.353 - 0.905
r -0.302 -0.432’
% Teles­
coping P
95% Cl
0.119 
-0.603 - 0.152
0.022 
-0.634 - 0.062
r 0.007 0.042 -0.416'
MAR P 0.973 0.845 0.043
95% Cl -0.350 - 0.329 -0.252 - 0.361 -0.605 - -0.195
r 0.137 0.291 -0.175 0.406”
MAR-v P 0.522 0.168 0.413 0.049
95% Cl -0.144-0.457 -0.153-0.664 -0.437 - 0.108 0.048 - 0.713
3.3 Classification
The objective diagnoses were considered to be our official diagnoses because of the 
actually counted and labeled dysfluencies found. In order to check the results, we also got a 
perceptual impression of the dysfluencies in the speech samples; no discrepancies with the 
official diagnoses were encountered.
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A detailed overview of the diagnostic data for each participant can be found in Appendix
1. A number of our participants showed all cluttering characteristics but also a normal 
MAR. That is, their speech contained high numbers of NDFs combined with a high degree 
of telescoping but no bursts of rapid speech. As cluttered speech in the general population 
is typically associated with a high MAR, we decided to add 'cluttering normal MAR' as a 
new diagnostic category to distinguish this subgroup from their peers who did show typical 
cluttering. People with Down syndrome tend to speak more slowly and at an overall lower 
articulatory rate than fluent speakers (Roberts, Price & Malkin, 2007), which is why the 
MAR we obtained may be relatively fast for people with an ID. To recapitulate, speech was 
categorised as 'stuttering', 'cluttering', 'cluttering-stuttering', 'cluttering normal MAR' or 'no 
dysfluency disorder'. Cluttering with normal MAR was diagnosed when all of the following 
five criteria were met: % NDF > 10, SDF < 3, ratio > 2.7, normal MAR and normal MAR-v. 
Table 5 presents the means and ranges of NDFs and SDFs (in percentages), RDF, MAR, 
MAR-v, and telescoping for the various diagnostic categories for the entire study group. As 
mentioned in section 2.5 (Statistica! analysis), the results for the participants with Down 
syndrome did not deviate from the results obtained for the other participants. On the basis 
of our speech analyses 21% of our participants could be diagnosed as clutterers, 29% as 
clutterer-stutterers, 25% as clutterers with a normal MAR, while 25% showed no signs of 
a dysfluency disorder. Most notably, none of the 28 participants could be diagnosed as 
stutterer.
Table 5: Mean and range of NDF, SDF and telescoping percentages, and MAR and MAR-v for the 
different diagnostic categories (n=28).
Cluttering-
stuttering Cluttering
Cluttering 
normal MAR
No fluency 
disorder
Number of 8participants /
% SDF 14.0 (3.7-47.2) 1.4 (0 - 2.4) 1.1 (0 - 2.4) 0.2 (0 -1.6)
% NDF 29.1(11.5-52.8) 15.8 (10.9 - 22.7) 17.2(11.8-21.4) 6.5 (0 - 9.8)
% Telescoping 2.7 (0 - 7.2) 4.3 (1.8-8.3) 4.8 (1.0-8.2) 3.7 (0.6-6.1)
MAR 5.1 (4.2-5.9) 5.9 (5.2 - 6.6) 4.1 (3.1-5.0) 5.1 (2.9-7.1)
MAR-v 2.9 (1.4-5.9) 3.3 (1.3-4.4) 1.9 (1.2 - 2.4) 2.1 (1.3-3.1)
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4. Discussion
4.1 Dysfluencies
Of the 28 mildly to moderately cognitively impaired institutionalised adult participants 
we evaluated, seven (25%) did not show clinically significant symptoms of dysfluency. The 
remaining 21 (75%) participants did produce an average of 17.5 normal, non-stutter-like 
dysfluencies (NDFs) and 4.7 stutter-like dysfluencies (SDFs) per 100 utterances (cf. fluent 
Dutch speakers without cognitive impairment average 9.6 NDFs per 100 utterances; Bosboom 
et al., 2009). Several studies recorded high numbers of dysfluencies in children and adults 
with Down syndrome (e.g., Devenny & Silverman, 1990; Van Borsel & Vandermeulen, 2008). 
Our study corroborates these earlier results for adults with this syndrome and extends the 
findings to adults with other intellectual abilities (ID).
In Bray's survey (2003) speech-language pathologists mostly typified the dysfluencies in 
the spontaneous speech of their clients with Down syndrome as stutter-like. However, 
our findings suggest that these subjective classifications may not always be correct as the 
speech of both our participants with Down's and those with other IDs was predominantly 
characterised by high rates of NDFs (see Table 4 and Appendix I). In general, these NDFs 
occurred almostfour tinnes more often than true SDFs (Table 2; NDF 78.8%, SDF 21.2%). Also, 
of all dysfluencies 52.5% were interjections, comprising 66.7% of the NDFs. Moreover, the 
best part (69.2%) of the SDFs we recorded consisted of block/stops. As normative data for 
dysfluencies in people with ID are lacking, in clinical practice diagnoses in this population are 
principally based on pathologists' subjective judgments of spontaneous speech (Stansfield, 
1988; Van Borsel & Tetnowski, 2007). This may then also explain the large discrepancy 
between Bray's (2003) and our current findings and underscores the urgent need for more 
objective criteria to assess and categorise dysfluencies and diagnose fluency disorders in 
this population.
4.2 Dysfluency patterns and diagnosis
Based on the diagnostic criteria we adopted, the speech of 21% of the participants could be 
classified as cluttered, 29% as cluttered-stuttered, 25% as cluttered but with a normal mean 
articulatory rate (MAR), while 25% was not indicative of a fluency disorder. The characteristic 
pattern of stuttering, with a high proportion of SDFs (> 10) and a low dysfluency ratio (RDF 
< 1) did not occur. Van Borsel and Vandermeulen (2008) had earlier underscored the need 
to analyse the dysfluencies in people with an ID because the pattern of speech disruptions 
might be specific for this group. The findings in the present study support their hypothesis.
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firstly by revealing a very strong positive correlation between NDF and SDF frequencies, 
meaning that when NDFs are prevalent, the number of SDFs will also be elevated (relative 
frequencies 80:20; Table 4). This is surprising because such a high correlation has not been 
observed in dysfluent speakers without an ID (Van Zaaien et al., 2011).
Secondly, our data also supported their hypothesis in that the relative frequencies of 
the different types of NDF and SDF did not correspond to the typical patterns found for 
dysfluent speakers without ID. Most NDFs in our study group consisted of interjections 
(66.7%), word repetitions (13%) and revisions (5%; Table 2), which have also been reported 
as the most prevailing dysfluencies in adult clutterers without ID, although with 55% 
interjections, 21% revisions, and 11% word repetitions the distribution in that population 
differed considerably (Myers, Bakker, St. Louis, & Raphael, 2012). The distribution of the 
SDFs we recorded also differed from the distribution found in adult stutters without ID. In 
our group SDFs were predominantly block/stops (69.2%), prolongations (17%) and word 
and part-word repetitions (together 14%; Table 2) and thus substantially differed from the 
percentages reported for stutterers without ID where relatively fewer blocks/stops and 
more prolongations were recorded. However, distributions in studies are quite diverse. For 
example, Sheenan (1974) reported that of the total number of stuttered utterances, 45% 
were repetitions, 35% prolongations, and 19% a mixture of the two. Blocks or stops were 
not reported, while in their more recent report Arbisi-Kelm and Jun (2005) found 36% to 
be prolongations, 48% block/stops, 13% a mixture of block/stops and prolongations, and 
only 2% repetitions. Unfortunately, no data is available on more diverse groups of dysfluent 
speakers without ID.
Thirdly, the pattern our study revealed in the diagnostic classification itself is highly 
uncommon. A subgroup comprising 25% of the study group that showed clear cluttering 
characteristics had a normal MAR and also did not show an excessive variability in articulatory 
rate. To typify this subgroup we hence created a new diagnostic category (cluttering with 
normal MAR). Furthermore, it is known that in dysfluent speakers without ID cluttering 
often coexists with stuttering and only occasionally occurs separately (St. Louis et al., 2007). 
However, in our study 13 of the 21 (62%) participants displaying symptoms of a fluency 
disorder could be diagnosed with a pure form of cluttering (i.e., 'cluttering' or 'cluttering 
with normal MAR'). In summary, the present findings regarding dysfluencies in the speech 
of adults with ID show patterns that are specific for this group, both at the individual level in 
terms of the correlation and occurrence of the different types and subtypes of dysfluencies, 
and at the group level in terms of the different diagnostic categories.
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4.3 Telescoping
Furtherpatterns our analyses uncoveredincludedanegative correlation between telescoping 
and MAR, meaning that the higher the MAR, the less telescoping was found. At first sight, 
this correlation is surprising since telescoping is an undisputed symptom of cluttering and 
cluttering is generally associated with a high MAR (St. Louis et al., 2007; Van Zaaien et al., 
2011; Ward, 2006). The explanation might be a bias in the selection of utterances. As only 
intelligible speech could be analysed and telescoping reduces intelligibility, especially in 
combination with a high articulatory rate, it may be that incidences of telescoping coinciding 
with high speech rate were not included in our analysis.
Due to this possible selection bias, the other correlations involving telescoping should 
also be approached with caution. In dysfluent speakers without ID, telescoping is a key 
characteristic of cluttering, which is typically associated with high quantities of NDFs (St. 
Louis, Bakker, Myers, & Raphael, 2012; Van Zaaien et al., 2011). Therefore, one would expect 
to find a correlation between telescoping and NDF volumes, but we did not. Speculating 
further on the role of telescoping, we did find the phenomenon to be negatively related 
to the percentage of SDFs. This is also to be expected since, typically, the NDF-SDF ratio in 
the speech of people who dutter is high (>2.7), meaning that the dysfluencies observed in 
cluttering tend not to be stutter-like in nature (St. Louis et al., 2012; Ward, 2006), while, vice 
versa, the tendency to 'telescope' is low in people who stutter (Guitar, 2006). Telescoping 
may thus be an important criterion for differentiating cluttering (inclusion) and stuttering 
(exclusion) in dysfluent speakers with ID, also in the light of the very strong positive 
correlation between NDF and SDF that limits the practical use of either of the latter two 
for diagnostic purposes. Also note that our results did not reveal a correlation between 
MAR and either NDF or SDF, thus limiting the influence of the aforementioned possible 
selection bias with respect to telescoping. Further research in this population investigating 
telescoping in more detail and its potential as a diagnostic criterion seems to be warranted.
4.4 Speech/language processes
Several authors have proposed that the typical cluttering characteristics, and in particular 
the high frequency of normal dysfluencies, result from insufficiently automated language 
formulation processes (e.g., Van Zaaien et al., 2011; Ward, 2006). However, the exact 
meaning of 'insufficiently automated' has been left unspecified. In this context, it is 
important to note that from a cognitive psychological perspective, there is a difference 
between representations stored in memory, and the transformation and execution 
processes that utilise these representations. Processes such as the production of syntactic
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constructions, word finding, and phonological planning, must first be acquired and, through 
(much) practice then become automatised. If there is a learning difficulty, skill acquisition 
may progress more slowly, while 'automation' or 'full learnedness' might take more trials. 
In other words, 'insufficiently automated' should accordingly be interpreted as meaning 
that the process concerned has not received sufficiënt training, i.e. is underlearned. Also, 
'language formulation processes' is used to denote basically all processes in Levelt's model, 
i.e. conceptualisation, formulation and articulation. Following this notion, insufficiently 
automated language formulation processes can thus be a sign of a learning deficit.
As early as in 1980, Tiger, Irvine, and Reis noted a striking resemblance between cluttering 
and learning disabilities, based on the observation that “all major cluttering symptoms fit 
three basic categories consistent with learning deficits: language disorders in all modalities, 
speech disturbances, and perceptual/motor deficits" (p. 3). Furthermore, a similarity was 
found in a lackof awareness of their disabilities and a lack of skills for compensating their 
communication difficulties, which, as a side-note, might be an essential part of the deficit. 
However, a recent study discerned a number of significant differences between children 
diagnosed with cluttering and same-age peers diagnosed with learning deficits on a 
variety of language and speech production outcome measures, among which storytelling, 
sentence construction and dysfluencies (Van Zaaien et al., 2009b). Importantly, the speech 
of the learning impaired children showed a pattern of normal dysfluencies predominantly 
consisting of interjections, whereas the children with cluttered speech predominantly 
produced repetitions. Also, the learning impaired children produced significantly more 
interjections than is normally seen in the speech of young clutterers (Van Zaaien et al., 
2009b). These findings show an important resemblance with the speech patterns we 
observed in the cognitively impaired dysfluent speakers in the present study, who also 
predominantly produced large numbers of interjections.
Traditionally, the parameters to assess underlearning are speed and stability or accuracy. 
There is evidence that both are affected in dysfluent adults with an ID. In a parallel study we 
found that the same group of participants we evaluated in the current study produced a large 
amount of phonological and articulatory errors (Coppens-Hofman, Terband, Maassen, & 
Snik, in prep.). Moreover, high speed is known to beafundamental part of cluttering. Howell 
and Sackin (2000) state that when MAR is too high, this may inhibit articulatory planning such 
that the articulatory buffer is not far enough ahead of articulation to a point where planning 
cannot keep up with output speed. In this view, the high frequency of non-stutter-like 
dysfluencies is interpreted as a sign of stalling: while producingthe dysfluency, the speaker 
creates more time to look for words and to formulate (or programme) sentences (Howell
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& Dworzynski, 2005). In this context, telescoping does not seem to indicate a phonological 
planning deficit (as has been proposed by Van Zaaien et al., 2009b), but rather seems to 
reflect an adaptive strategy: a simplification of the phonological code leading to a reduction 
in the required processing time, thus allowing the phonological and articulatory planning 
processes to keep up with each other. When this processing fails, the system crashes, which, 
at the phonological and articulatory planning levels could lead to dysfluencies that are more 
stutter-like in nature, such as block/stops and repetitions. Correspondingly, the present 
results showed a negative correlation between telescoping and SDFs.
In conclusion, we propose that the speech fluency problems in adults with an intellectual 
disability may be the result of underlearning with respect to the cognitive processes involved 
in speech production. Further research is needed, where speech production experiments 
exploring the effect of targeted training on processing speed, stability and accuracy of 
speech output in particular could provide valuable information in this respect.
4.5 Clinical Implications
We generally tend to accept the way people with an intellectual disability speak. However, 
the dysfluencies in their speech often lead to poor intelligibility and other difficuities in 
verbal communication, eventually causing or exacerbating social and behavioural problems. 
Treatment to improve speech is hence not only important for the impaired speakers, but 
also for their family, caregivers and others they live and work with. However, it is crucial 
that the choice of any intervention is based on the right diagnosis as approaches can be 
fundamentally different for different disorders, with the wrong approach yielding no effect 
or, worse, increasing the severity of the speech and communication problems.
While in this population disrupted speech is often diagnosed and treated as stuttering, 
based on the diagnostic criteria we used in the present study, none of our participants could 
be diagnosed as having an exclusive stuttering disorder, rendering it unlikely that any of 
them would benefit from speech therapy aimed at stuttering. Rather, 62% of the fluency 
disorders were diagnosed as clear-cut cluttering (i.e. cluttering associated with a high or a 
normal MAR), while the other 38% was classified as a mixture of cluttering and stuttering. 
Our findings hence strongly suggest that for dysfluent speakers with an ID interventions 
should focus on cluttering rather than stuttering.
Importantly, our results also revealed dysfluency patterns that seem typical for this group. 
Although the bulk of the disruptions was not stutter-like in nature, we found a very strong 
positive correlation between the occurrence of these normal and stutter-like dysfluencies. 
Furthermore, the distributions of the different dysfluency subtypes showed a distinct
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pattern, with NDFs mostly consisting of interjections with relatively few word repetitions 
and almost no revisions, while the SDFs predominantly comprised block/stops with relatively 
few prolongations and repetitions. These patterns do not correspond to any that have been 
observed in dysfluent adults without cognitive impairment.
Summarising, the clinical picture of fluency disorders in adults with an intellectual disability 
is clearly distinct from that of conventional fluency disorders, thus challenging existing 
treatment programmes. The resemblance with learning deficits and the possibility of 
speech production processes being underlearned in this population suggest that the focus 
of interventions should in first instance be on practice. Dysfluencies are notoriously difficult 
to treat in this population as people with an ID are not always cooperative when offered 
the therapies that speech therapists are prone to apply. Together, the present findings 
make a strong case for the development of treatment programmes that are tailored to 
the specific needs of clients that have a cognitive disability and concurrent debilitating 
speech impediments. Preus (1990) already stated: "We should meet this challenge not by 
sending the mentally retarded away because we find our traditional methods of treatment 
unsuitable or consider treatment unnecessary because these stutterers do not seem to worry 
about their stuttering. On the contrary, we should search for treatment approaches that are 
suitablefor the mentally retarded." (p. 231).
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Appendix 1 Participants
Participant Age Gender M/F ID % Telesc PercNDF PercSDF RatioDF
8 33 F Mild 3.6 8.9 .0 -
12 30 F Mild 6.1 9.8 .0 -
19 26 M Mild .6 4.5 .0 -
23 37 F Mild 3.7 .0 .0 -
3 36 F Moderate 4.6 8.0 .0 -
17 34 M Moderate 4.4 9.7 .0 -
22 36 M Moderate 3.2 4.8 1.6 3.0
6 23 F Mild 2.7 10.9 2.3 4.8
16 34 M Mild 8.3 16.7 .0 -
21 24 M Mild 1.8 14.3 .9 16.1
24 23 F Mild 2.4 18.3 2.4 7.5
5 40 F Moderate 4.3 21.4 1.4 15.0
10 32 F Moderate 6.3 13.2 1.5 9.0
4 28 M Mild 6.2 10.3 2.0 5.0
11 30 M Mild 3.1 15.5 .0 -
13 22 M Mild 8.2 11.8 2.4 5.0
25 36 F Mild 5.0 19.0 2.0 9.5
9 32 M Moderate 1.0 22.7 1.0 22.0
15 18 M Moderate 5.3 18.7 .0 -
27 27 F Moderate 4.4 17.8 2.2 8.0
14 20 M Mild 2.2 20.1 13.7 1.5
26 27 M Mild 1.2 39.5 15.7 2.5
20 28 F Mild .0 15.5 6.9 2.3
1 22 F Moderate 3.0 20.4 11.0 1.9
2 23 M Moderate 6.5 37.0 3.7 10.0
7 21 M Moderate 7.2 11.5 5.4 2.1
18 26 M Moderate 1.9 36.2 8.6 4.2
28 36 M Moderate .0 52.8 47.2 1.1
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Abstract
Purpose: Communication is one of the most important aspects of quality of life. However, 
adults with intellectual disabilities often show poor speech intelligibility affecting their 
social interactions. This study aims at establishing the main determinants of this reduced 
intelligibility to ultimately optimize treatment.
Method: Twenty-five naive listeners rated the intelligibility of spontaneous speech samples 
of 36 adults with mild or moderate intellectual disabilities and the output on a picture- 
naming task of these 36 adults was transcribed according to broad phonetic transcription 
procedures and segmental and syllabic qualities analysed.
Results: The results show a complete phonemic and syllabic inventory but also a substantial 
array of specific difficuities at the phonemic and syllabic levels.
Conclusions: The development of the phonemic and syllabic repertoire appears completed 
in adults with mild-to-moderate intellectual disabilities. The charted speech difficuities 
are resulting from speech motor control and planning difficuities and are associated with 
oral motor disorders and dyspraxic deficits. The results from this study may help develop 
diagnostic tests and tailor speech therapies for this group aimed at reducing the severity of 
their speech problems and thereby improve speech intelligibility.
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1. Introduction
Communication is an important aspect of quality of life and speech is the primary means 
of human communication. Oral communication revolves around a verbal message, which is 
constructed and uttered by the speaker and subsequently decoded and interpreted by the 
listener. In adults with intellectual disabilities (ID) speech communication is often troubled 
by disordered speech production and/or impaired hearing (Roberts, Price, & Malkin, 2007), 
resulting in miscommunication and impairing social interactions and causing behavioural 
problems and isolation.
Although the success of verbal communication depends on the proficiency of both 
the speaker and the listener, the intelligibility of the message is a key factor. Speech 
intelligibility can be defined as 'how clearly a person speaks so that his or her speech is 
comprehensible to a listener' (Leddy, 1999). When speech intelligibility is compromised, 
the message becomes very difficult to decipher (even for a 'perfect' listener). Poor speech 
intelligibility leads to misunderstanding and frustration, and communication partners tend 
to react to unintelligible speech by losing interest or reducing their demands. As a result, 
communication decreases or remains at a low level. Accordingly, to improve the quality of 
life of adults with ID it is essential to enable them to make themselves understood. 
Problems with speech production are among the most commonly reported difficulties in 
children, adolescents and adults with ID (Kumin, 2006). The deficiencies are not resolved 
when growing up and speech intelligibility remains a problem throughout life (Chapman, 
Seung, Schwartz & Bird, 2000). Yet, still little is known about the determinants of the reduced 
speech intelligibility in adults with ID.
Speech intelligibility
Speech intelligibility is usually approached as word or utterance recognition in natural 
communication situations (Smith & Nelson, 1985), with intelligibility depending on the 
quality of speech and the number of correctly produced phonemes in the language at hand. 
Phonemes are the basic units of speech and defined as the smallest contrastive linguistic 
units that may bring about a change of meaning and allow us to differentiate between one 
word and another (Gimson, 2008). The intelligibility of a spoken message is influenced by 
a number of factors. Above all, intelligibility is a joint product of a speaker and a listener. In 
addition, intelligibility varies with the nature of the spoken material (e.g. linguistic structure 
and length of utterance) and the context of communication (e.g. the quality of the acoustic 
transmission and auditory signal, and the availability of visual cues from the speaker).
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Further important circumstances that determine intelligibility are the listener's familiarity 
with the speaker and the topic of conversation, as well as the contextual support for the 
message to be transmitted (Kent, 1992). Familiarity with the speaker is especially helpful for 
the listener when speech is disordered or poorly intelligible due to speech errors.
Speech difficulties in adults with ID
Speech characteristics have not been studied widely in adults with ID in general, but Roberts 
and colleagues (2007) did document the following characteristics for adults with Down 
syndrome as follows: cluster reduction (consonant sequences that are reduced by omission 
of one or more consonants); final consonant deletion (the consonants at the ends of words 
are omitted); unstressed syllable omission, mostly at the start of a multisyllabic word; and 
substitution (an incorrect consonant is produced, e.g. fricatives and affricates become stops; 
/r/ and /I/ are pronounced as /w/; and consonants produced in the back of the mouth are 
substituted by frontal consonants).
Errors in the speech of persons with Down syndrome,, have been characterised to be 
inconsistent (Coppens et al., 2012; Dodd, 2001; Roberts et al., 2007). The consonants, 
vowels and diphthongs are often poorly intelligible, while, according to van Borsel (1996), 
the production errors and articulation difficulties observed mainly occurred in the phonemes 
that are usually acquired in the final stages of normal speech-language development. Van 
Borsel attributed the problems to a developmental delay.
Kent and Vorperian (2012) concluded that speech patterns in Down syndrome are a 
combination of delayed development and errors not seen in typical development.
Kumin (2006) evaluated speech intelligibility and apraxia of speech in a survey among 1620 
parents of children with Down syndrome. The results showed that oral motor deficits are 
currently being identified in over 60% of children with Down syndrome and pointed out that 
there is an urgent need for instruments to identify childhood apraxia of speech at an early 
stage.
It has further been reported that boys with Fragile X syndrome exhibit phonological 
characteristics similar to those seen in younger, typically developing children, with their 
connected speech being less intelligible. Boys with Down syndrome showed greater delays 
in all phonological measures than both the boys with Fragile X syndrome and the typically 
developing boys (Barnes et al., 2009). Unfortunately, no data are available for adults with ID 
of mixed aetiology or other groups of persons with a specific ID.
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People with an ID often have insufficiënt ability to coordinate the movement of their vocal 
apparatus and are not always ableto correct their speech on the basis of auditory feedback. 
Not being ableto formulate all phonemes in the way and order needed, they tend to change 
the production of complex words. Most adults with ID have very limited reading skills owing 
to their learning disorder, or a lack of motivation (Crews, 1988). Consequently, they lack the 
support of an orthographic representation for the storage and retrieval of words in their 
lexical memory, and thus must rely almost exclusively on hearing and imitation in order to 
acquire and maintain their vocabulary, including the auditory and articulatory phonological 
word form. An additional factor to consider as a potential cause of their speech errors 
and poor intelligibility is poor auditory feedback due to deficient auditory processing in 
combination with chronic hearing difficulties (Roberts et al., 2007). In the current study, 
we took hearing difficulties into account by measuring the auditory abilities of all our 
participants and by analysing whether any hearing difficulties could underlie their speech 
deficits.
With the present research questions we aim to chart the specific difficulties in the speech 
of adults with ID of mixed aetiology, thereby focusing on the main determinants of the poor 
intelligibility of their speech. For this, we analysed speech with respect to various segmental 
(phonemic) and syllabic characteristics; see the Method section for specific variables. We 
additionally had naïve listeners judge the intelligibility of samples of spontaneous speech 
such that we could ascertain the relevance of the expert-rated characteristics in determining 
poor speech intelligibility in our heterogeneous group.
2. Method
This study was approved by the Ethics Committee of the Radboud University Nijmegen 
Medical Centre. Potential participants and their legal representatives received written and 
oral information on the study, after which oral and written consent was obtained from the 
legal representatives, parents, caregivers and participants.
Participants
Potential participants aged 18to40years were selected on the basis of their functional level 
and communicative interest. Inclusion was based on the level of intellectual disability, i.e. IQ 
40-70 (DSM-IV -  Mild and Moderate). The 36 participants that entered the study (19 men
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and 17 women) had all been identified as poorly intelligible by their caregivers and relatives. 
Their speech problems had not been assessed before by diagnostic tests and the cause of 
the poor intelligibility was unclear. As to ID aetiologies, 11 of the 36 participants had Down 
syndrome, one participant had Fragile-X syndrome and another Turner's syndrome, three 
participants had sustained brain damage in the first year of life, four had a chromosomal 
deficiency and another four had suffered hypoxia during birth, while during the study two 
participants were diagnosed with a specific genetic microdeletion (Willemsen et al., 2011); 
in eleven cases the cause of the ID was unknown. Sixteen of the participants were classified 
as having a mild ID (IQ 55-70) and 20 as having a moderate ID (IQ 40-55).
Data collection
Recordings of spontaneous speech production and a picture-naming task were obtained from 
all participants. To determine the participants' vocabulary level and test their understanding 
of the instructions, all participants took the Peabody Vocabulary Test one week prior to the 
individual recording sessions. Participants were thus also able to familiarise themselves with 
the researcher (first author), the recording equipment and setting.
In testing situations people with ID often speak in subdued tones or use explosive voice 
modulations, which vocal characteristics can severely limit the quality of the speech signal 
in both live-voice and tape-recorded presentations. Special care was therefore given to 
optimise the speech signals in our samples. Some of the participants indeed tended to 
speak quietly, while in others vocal intensity varied from utterance to utterance, all prosodie 
variations that could confound the goals of the assessment to some extent. In these cases, 
feedback was offered prior to the actual recording to reinforce or modify the participant's 
speech efforts. Moreover, all speech recordings were made in a quiet, familiar room in the 
participant's own care or residential facility by the same researcher (first author), who was 
seated at the same table opposite the participant allowing eye contact with the participant. 
Also, a silent observer was present during each recording session, which mostly involved a 
parent, the primary caregiver or a person close to the participant. In no case the participant 
was asked to come to an unknown place or a clinical setting.
The first recording contained a minimum of three minutes of spontaneous speech in 
response to open questions. As it is appropriate to use a closed-set evaluation for people 
with ID and items that are within their linguistic competence, a second recording was made 
using Logo-Art (http://www.logo-art.eu). This Dutch picture-naming test consists of 128 
easily recognisable pictures that represent words of everyday life and was developed to 
assess articulation skills in children in the ages of 4-8 years. The target words include all
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vowels, diphthongs, consonants and consonant clusters used in the Dutch language in all 
word positions (initial, medial and final).
A professional solid-state recorder (Marantz PMD620) was used to obtain digital speech 
samples. As several participants found the external microphone threatening or highly 
distracting, we placed the internal microphone at approximately 40 cm distance of the 
speaker's mouth. All recordings were made in the same way using a bit rate of 705 kbps and 
a frequency of 44.1 kHz. The duration of the recordings varied depending on the participant's 
movements, in-between conversation, pace of responding and speech rate. No participant 
was rushed at any time. The Logo-Art recordings took 20 to 40 minutes.
3. Data processing
Spontaneous speech
Of the 36 participants 34 produced a sufficiënt amount of spontaneous speech for an 
intelligibility judgment. Two participants were excluded from the assessment as they only 
used one word sentences, consistently repeating this one word.
Two relevant, continuous segments were selected from each of the 34 speech samples by 
use of the PRAAT software programme (Boersma & Weenink, 2009) based on auditory and 
visual cues in the recorded speech, yielding a total of 68 segments to be judged. The segments 
each contained a total of two minutes of uninterrupted sentences or ongoing speech, which 
were assessed as to their quality and intelligibility by 25 speech and language pathology 
students in their final year of training. All students resided in the same sociogeographical 
environment as the participants.
Before the speech assessments the students listened to three random sDeech samples of 
non-participants (similarly aged adults with mild or moderate ID) to familiarise themselves 
with the speech recordings, the rating method and overall setting. All speech samples were 
presented through loudspeakers at normal loudness in a quiet room. The students were 
asked to individually rate speech intelligibility on a 5-point scale, with 1 denoting essentially 
unintelligible, 3 intelligible at times, and 5 essentially intelligible. The mean scores of the 25 
listeners were taken to indicate the quality and intelligibility of a participant's speech.
Picture-naming task and transcription
Picture-naming performance on the Logo-Art, in terms of the words produced in response 
to the presented images, was transcribed in broad phonetic alphabet (IPA) and keyed into
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the LIPP transcription system (http://www.ihsys.com/Brochures/BROCHURE_LIPP.pdf). This 
computer-based system allows transcribed utterances to be analysed with respect to their 
phonetic characteristics, e.g. by providing an inventory of phonemes and syllable structures, 
and compared to target utterances, yielding variables like percentage of consonants correct 
(PCC) and number of cluster reductions (for details see below).
The participants recognised and correctly named more than 85% of the Logo-Art pictures. 
Utterances produced while the participant was chewingor had fingersorobjects in oroverthe 
mouth, as well as yells, grunts and coughs were excluded. All recordings were independently 
transcribed by two professional transcribers (both speech language pathologists) who did 
not know the participants and were not informed about ID nature and cause. Transcription 
reliability was assessed by comparing multiple transcriptions of the same utterances. Mean 
interrater segment-by-segment correspondence in all transcriptions was 94% and higher.
Analysis of Logo-Art transcripts
Comparison of produced and target utterances was conducted at the segmental and syllable- 
structure level. Analyses at the segmental level concerned the identity of the segments and 
yielded two types of variables: proportions of consonants correct (PPC; both overall and 
separated out for different developmental complexity levels; Beers, 1995), and proportions 
of substitutions (overall and in relation to syllable position). The substitutions were further 
classified as normal or abnormal phonological processes. Analyses at the syllabic level 
concerned the structure of the syllables only, not the identity of the phonemes within the 
syllable. The syllable structures that were evaluated were: V (vowel); CV (consonant-vowel); 
VC; VCC; CVC; CCVC; CVCC; CCVCC; CCCVC; and CCCVCC. For each of these structures the 
percentage correct was computed. By combining syllable-structure comparisons we were 
able to also identify other structural parameters, an example of which is the proportion of 
the reduction of syllable-initial two-consonant clusters (PIC2Red), which was determined by 
combining produced syllable structures starting with a C in cases where a syllable structure 
starting with CC was the target. The resulting variables are detailed in Table 1.
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Table 1. Overview of the variables determined by the segmental and syllable-structure comparison of 
target word and utterance.
Segmental analyses
PCCI: proportion initial consonants correct, i.e. single consonant in syllable-initial position
PCIusCI: proportion initial consonant clusters correct, i.e. consonant clusters in syllable- 
initial position
L1CI -L5CI: proportions initial consonants correct at each of the complexity levels It o  5 (Beers, 
1995)
-L1CI /p t m n j/
-L2CI M
-L3CI /f s x h/
-L4CI /w (b d)/
-L5CI / I r /
PSubCI: substitutions of single consonants in syllable initial position
PSubCF: substitutions of single consonants in syllable final position
PNormProc: Normal processes: systematic substitutions typical for speech delay
-Fronting consonants made posteriorto the alveolar ridge are substituted by another 
consonant that is made at or in front of the alveolar ridge
-StopFric fricative or affricate replaced by a plosive
-Nasalis nasalization of non-nasal consonant
-Gliding plosives are replaced with a glide (mostly /I/ or /ü/)
PAbnProc: Abnormal processes: systematic substitutions typical for speech disorder
-Hsation replacing of consonants by /h/
-StopAbn abnormal stops (non-fricative consonants replaced by a plosive)
-Backing a labial, alveolar or dental consonant is substituted by a velar /k g q/ or glottal /?/ 
consonant
-Denasal replacing a nasal sound with a homorganic stop
Syllable-Structure analyses
PSSC: proportion syllable structures correct
PCDel: consonant deletions in any position (single, cluster; initial, final)
PIClDel deletion of single consonants in syllable initial position
PIC2Red reduction of 2-consonant clusters in syllable initial position
PIC3Red reduction of 3-consonant clusters in syllable initial position
PICIRed IC2RedA!l + IC3RedAII
Statistical analysis
Data analysis was layered. First, we explored the influence of the different between-subject 
factors (Hearing loss, Severity of ID, and ID Aetiology) on the students' intelligibility scores as 
well as the general phonological measures (PCCI, PCIusCI, PSSC, PSubCI, PSubCF, PAbnProc, 
PNormProc, PCDel, PIClDel, PIC2Red, and PIC3Red) using a multivariate analysis of variance.
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The second step consisted of a more in-depth analysis of the specific types of errors and 
phonological processes, including an assessment of the different stages in phonological 
acquisition based on Beers' Phonological Analysis of Dutch (Beers,1995).
Finally, correlations between variables were calculated and a multiple linear regression 
analysis was carried out to identify which (subset of) the general phonological measures 
could reliably be used as a predictor of speech intelligibility.
Significance level was set at p < .05, while p-values < .10 were qualified as trends. 
Homogeneity of variance was tested with Levene's test of homogeneity, and Mauchly's test 
of sphericity was applied.
4. Results
General factors
First, the influence of the different between-subject factors on the main speech parameters 
was investigated using a multivariate analysis of variance with the intelligibility scores 
and the phonological measures (comprising proportion initial consonants correct (PCCI), 
proportion initial consonant clusters correct (PCIusCI), proportion syllable structures correct 
(PSSC), proportion consonant deletion (PCDel), proportion consonant substitutions in initial 
position (PSubCI), and proportion consonant substitutions in final position (PSubCF)) as 
dependent variables, and Hearing Loss, Severity of ID, and ID Aetiology as fixed factors. The 
results did not reveal significant main or interaction effects. However, the univariate tests 
yielded a significant effect of Severity of ID on intelligibility [F(l,33)=8.603, p<0.01] as well 
as trend effects for the proportions syllable structures correct [PSSC; F(l,33)=3.137, p=0.09] 
and consonant deletion [PCDel; F(l,33)=3.195, p=0.09], No further effects or interactions 
were observed. Accordingly, the data were split based on Severity of ID for the remainder of 
the analysis and were collapsed over the factors Hearing Loss, and ID Aetiology.
The differences in intelligibility scores and of phonological measures based on Severity of 
ID were then further investigated in a separate multivariate analysis of variance. Results 
revealed a significant main effect of Severity of ID [F(12,21)=3.192, p<0.01]. Statistics on 
the intelligibility scores are presented in Table 2. Univariate testing showed the intelligibility 
scores to be significantly higher for the group with mild ID than those obtained for the group 
with moderate ID [F(l,33)=12.321, p<0.001].
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Table 2. Means, Standard deviation (SD) and range of speech intelligibility scores
Intelligibility score
Mean Standard Minimum 
Deviation
Maximum
Mild 10 3.32 0.77 2.15 4.61
Moderate ID 2.44 0.69 1.32 3.60
The outcomes on the general phonological measures are presented in Figures 1 and 2. 
Statistical analysis showed a trend of a higher proportion of correct consonants in syllable- 
initial position (PCCI) in the mild ID as compared to the moderate group ([F(l,33)=3.510, 
p=0.07]; Figure 1). Furthermore, the participants with moderate ID made significantly 
more substitutions of single consonants in syllable initial position (PSubCI; [F(l,33)=5.097, 
p<0.05]) and deletions of single initial consonants (PIClDel; [F(l,33)=5.012, p<0.05]) than 
their peers with mild ID (Figure 2).
Figure 1. Mean proportions correct in initial consonants (PCCI), syllable structures (PSSC) and initial 
consonant clusters (PClusCI)
The main error types concern the pronunciation of both single and clustered initial 
consonants as reflected by the high frequencies of single consonant deletions and cluster 
reductions, both in syllable-initial position. In order to gain more insight into the processes 
underlying the production difficulties, we conducted further phonological analyses. Our 
first query was whether the error patterns were similar to the phonological delay observed
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in otherwise unimpaired children. To this end, we compared the phonemic inventory of 
our sample with the patterns described for typically developing children during speech 
acquisition.
Phonemic inventory
Beers (1995) developed a system to analyse phonological development, called the FAN 
analysis (FAN being the Dutch acronym for Phonological Analysis of Dutch). She found that 
the phonemic inventory during early childhood speech acquisition develops according to 
five levels of complexity. In the typical developmental pattern, lower levels of complexity 
are acquired before higher levels such that during development proportions of correct 
utterances tend to be lower at the higher complexity levels. Deviant development can 
result in a pattern in which some of the higher levels have been acquired (according to the 
75%-correct criterion), whereas one or more of the lower levels have not.
Table 3 shows the proportions of correct utterances for each of the speech complexity levels 
for the two ID groups separately and for all participants combined. The speakers with mild 
ID produced more correct utterances than the speakers with moderate ID. The high mean 
values show that, overall, the phonological repertoire is complete and that no systematic 
pattern can be discerned that reflects a phonological delay. The values per participant plotted 
in Figure 1, however, show that not all participants reached the 75%-correct criterion at all 
complexity levels. Importantly, those participants that did not reach this threshold across 
the board do not show a declining tendency at the higher complexity levels. There rather 
seems to be a slight, non-significant tendency for level-2 (/k/) and level-4 sounds (/w/, /b/ 
and /d/) to be more frequently produced correctly than sounds at the other levels, which 
may be due to the limited number and motorically less complex sounds at these levels.
The low proportions of correctly produced utterances across complexity levels in some 
participants without a declining tendency for the higher complexity levels, is different 
from the patterns found in children with phonological delays. The results imply that our 
participants make errors irrespective of the complexity of utterances, which we interpret 
as a sign of inconsistency in production, similar to apraxia of speech (Thoonen et al.,1994).
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Table 3. Mean proportions and Standard deviation (SD) of correctly produced consonants in levels of 
speech deveiopment
Levels of speech 
deveiopment
Mild ID (N=16)
Functional Level 
Moderate ID (N=20) Total (N=36)
Mean SD Mean SD Mean SD
L1CI .8979 .11011 .7719 .21365 .8279 .18442
L2CI .9318 .11864 .8470 .15825 .8847 .14647
L3CI .8179 .18358 .7730 .16714 .7930 .17355
L4CI .9295 .09339 .8227 .16701 .8702 .14757
L5CI .8857 .14501 .7451 .21410 .8076 .19728
Figure 3. Speech errors per participant and level of functioning
Normal and abnormal speech processes
Young children and (young) adults with speech disorders may produce errors that affect 
entire classes of sounds rather than individual sounds. At a particular age, these so-called 
phonological processes are a normal, natural part of their speech deveiopment and, as 
they are to be expected in children with a speech delay, denoted as normal processes. The 
presence of normal or abnormal speech processes can help us differentiate between speech 
delay and speech pathology. Thus, consonant deletion in syllable-final position, fronting, 
consonant-cluster reduction and stopping are considered normal speech processes.
In contrast, abnormal speech processes comprise classes of errors that are not normal during 
any stage of speech deveiopment and are therefore taken to indicate speech pathology. The
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abnormal processes we analysed are: backing, abnormal stopping, h-sation, and consonant 
deletions in syllable-initial position. The results are presented in Table 4 (see also Figure 2).
Table 4. Means of proportions and Standard deviation (SD) of abnormal speech processes
FunctLevel
Mild (N=16) Moderate (N=20) Total (N=36)
Mean SD Mean SD Mean SD
H-SATION .0803 .16077 .0868 .14642 .0839 .15075
LATERALIS .0000 .00000 .0748 .17716 .0427 .13765
STOPABN .0012 .00490 .0087 .01506 .0054 .01215
ABNGLIDING .0123 .03018 .0152 .02780 .0139 .02850
BACKING .0307 .06373 .0441 .06563 .0381 .06423
AbnProc (total) .0149 .03036 .0207 .02803 .0181 .02881
Our analyses revealed two abnormal speech processes. We first found a high degree of 
h-sation to be present in all participants, irrespective of level of ID and, secondly, a high 
proportion of errors due to backing, which increased with ID severity.
To summarize, the number of errors in the speech production of our sample was high. 
For most participants the phoneme repertoire appears to be well-completed, while those 
participants in whom correct consonant productions across complexity levels did not reach 
the 75% mark show a high degree of inconsistencies and many normal as well as abnormal 
errors in their speech. This inconsistency, such as the combination of backing and fronting, 
is a characteristic of apraxia of speech.
Predictors of intelligibility
But which of the deviations in the speech of our participants with ID account for its poor 
intelligibility? The clinical relevance, of course, is that since phonemic quality contributes 
to intelligibility, the observed irregularities may become therapeutic targets, provided that 
they allow remediation. A multiple regression analysis was conducted with intelligibility 
-the students' spontaneous speech scores- as the dependent variable and the Logo-Art 
transcription results as the independent variables. These subjective values of intelligibility of 
speech give us an impression on how much of the speech of our participants is understood.
110
Speech characteristics and intelligibility in adults with mild and moderate intellectual disabilities
For the mild ID group the model with PCCI, IC3Red, PNormProc and PCIusCI showed up in 
the regression analysis [R2=0.790, adj R2=0.706, std Err.=0.42, p=0.002]. These four measures 
togetheraccounted for 79% of the variance in intelligibility in this group. For the moderate ID 
group the model with PCCI, IC2Red and PCIusCI showed that together these three measures 
were responsible for 69% of the variance [R2=0.693, adj R2=0.631, std Err.=0.42, p=0.000].
Additional features ajfecting intelligibility
We also observed other characteristics in the speech of our participants that reduced 
intelligibility as well. The greater majority (32 of 36 participants) spoke in a monotonous 
tone of voice. Moreover, according to researcher observations and the recordings, the 11 
participants that had Down syndrome showed a 100% score in voice abnormalities in terms 
of hoarseness, low pitch and volume, roughness, and breathiness due to increased airflow, 
whereas no such voice abnormalities were observed in the other 25 participants.
5. Discussion and conclusions
The characteristics and inconsistency in the errors we observed in the speech of our 
participants with mild and moderate ID and the presence of both normal and abnormal 
phonological processes pointto distinct difficuities in theirspeech production that affect both 
the quality and intelligibility of their verbal output. The percentages of correct utterances at 
all levels of phonemic complexity indicate that in most participants the phonemic inventory 
was complete.
We found no correlations between our speech parameters and hearing loss, sex or ID 
aetiology, but level of intellectual functioning did show a strong association with speech 
intelligibility and was also related to particular errorfrequencies.
The speech patterns we observed are not consistent with a speech delay typically found 
in children with a developmental disorder. Furthermore, the phonological processes and 
inconsistencies in errors cannot be explained by weakness or paralysis of the speech 
muscles or other sensorimotor deficits alone. The high volume of inconsistent errors may 
rather, or more importantly, be indicative of an underlying planning problem. The patterns 
we identified seem more consistent with apraxia of speech. In this speech motor disorder 
phonemes are produced inconsistently, greatly reducing the proportion of correctly 
produced sounds across the board. Our observations of monotonous speech across the two 
groups add to this interpretation.
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Up to now, apraxia of speech has not been assessed, identified or treated in adults with ID, 
although earlier research (Kumin, 2006) documented that symptoms of 'childhood verbal 
apraxia' can be found in children with Down syndrome. The symptoms of apraxia Kumin 
(2006) identified are: inconsistency in phoneme (sound) productions, difficulty with oral 
motor skills, a decrease in intelligibility with increasing utterance length, a limited repertoire 
of phonemes, preserved automatic phrases and movements, difficulties in imitation or 
spontaneous speech, in combining and sequencing phonemes (like in consonant clusters), 
phoneme and syllable reversals, and speech-rhythm problems. In their recent review 
of speech deficits in Down syndrome, Kent and Vorperian (2012) draw an interesting 
conclusion, stating that 'speech patterns in adults with DS are likely to be a combination 
of delayed development and errors not seen in typical development'. As the speech of 
our participants with diverse types of ID included clear symptoms of apraxia, we think it is 
plausibleto suggest that apraxia of speech also plays a role in the speech difficulties in other 
adults with ID and non-diagnosed speech problems.
To our knowledge, we are the first to analyse prompted and unprompted speech of adults 
with various cognitive impairments. The participants were selected on the basis of their 
poor speech intelligibility and their wish to improve their verbal communication skills but 
had never been tested for or diagnosed with any speech disorders. Our results showed 
the participants to have a complete phonemic and syllabic inventory and also that the 
distinctive abnormal processes in their speech production, likely caused by speech motor 
and planning difficulties being typical of apraxia of speech, explained the poor intelligibility. 
It is also worth mentioning that our speech samples were recorded in a quiet room, with 
a microphone positioned close to the speaker, causing the effects of low speaking volume 
and other voice characteristics on intelligibility to be relatively small. They are likely to be 
far more detrimental when communication takes place in a busy and noisy environment 
with poor acoustics (resulting from safety and hygiene regulations) that characterises many 
residential and work facilities for people with ID.
Another issue to consider in this context is that short-term and verbal memory are both highly 
involved in speech production and that the two systems function differently or are impaired 
in people with ID (Vicari, 2004; Broek & Jarrold, 2005; Jarrold, Baddeley, & Phillips, 2002). 
Short-term memory deficits may play a role in accounting for the persistence of the speech 
problems into adulthood. From a cognitive psychological perspective, there is a difference 
between representations stored in memory and the transformation and execution processes
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that utilise these representations. Word production and phonological planning skills must 
first be acquired and then become automatised through practice. Especially motor aspects 
of speech production, such as planning, sequencing and coordination of speech movements, 
are important determinants of speech intelligibility and need much practice.
Based on our results, we pose that it is the typical speech characteristics and errors in this 
population that should be targeted in tailored therapeutic management schemes, while 
they can serve as measures to evaluate treatment results. Most of the speech patterns 
we observed can be unlearned and skills improved through dedicated training under 
the guidance of speech language pathologists specialised in working with people with 
cognitive deficits. Continuously providing feedback in understandable terms and offering 
and demonstrating the right learning processes in well-structured exercises are essential 
elements in optimisingthe speech output in people with impaired cognitive functions.
Conclusions
Naive ratings of the intelligibility of the spontaneous speech of adults with mild to 
moderate ID related significantly tothe phonemic and syllabic variables derived from expert 
transcriptions of their verbal output obtained with a picture-namingtask. The main speech 
difficulties in this group of poor speakers appear to be related to underlying oral motor 
deficits typically found in apraxia of speech. To date, however, there is no single factor or 
definitive test that can be reliably used to diagnose apraxia of speech in this population. It is 
therefore advised to develop dedicated instruments to identify this speech motor disorder 
in (young) adults with ID to facilitate the choice of the most appropriate treatment strategy 
aimed at improving speech intelligibility. There are early indications that tailored speech 
therapy can remediate some of their speech deficits, fosterine their communicative skills by 
reducing the severity of their speech problems.
Declaration of interest: The authors report no conflicts of interest. The authors alone are 
responsible for the content and writing of this article.
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Abstract
Background/Purpose: Communication breakdown resulting from reduced speech 
intelligibility is a major problem for many persons with an intellectual disability (ID). The 
present study set out to investigate the effect of speech therapy in a heterogeneous group 
of adults with ID.
Method: 36 adults with mild and moderate ID (IQs 40-70; age range 18-40 years; mean 29 
years) with reported poor speech intelligibility received tailored training in articulation and 
listening skills delivered in two 3-months periods separated by a 3-month intermission. 
Results: Irrespective of the severity of ID, hearing loss, and ID aetiology, the results indicate 
that the participants made fewer speech errors after treatment and that the intelligibility of 
their speech had increased. Furthermore, the results showed a positive effect of treatment 
on receptive vocabulary.
Conclusions: The present study shows that adults with ID can improve their speech and 
language skills, demonstrating that speech therapy for people with ID can be effective 
at adult age. Additionally, hearing loss does not constitute a barrier to therapy aimed at 
improving speech intelligibility. Our results suggest that continued attention to speech can 
help augment the verbal communication skills and hence the quality of life in this population.
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Introduction
Speech intelligibility is a crucial factor in verbal communication. For many persons with 
an intellectual disability (ID), communication breakdown resulting from reduced speech 
intelligibility is a major problem. As it allows the exchange of needs and feelings, facilitates 
thinking and contributes to developmental and learning processes, communication 
by speech is an important part of social and mental well-being, and a lack of verbal 
communication may lead to diminished social skills, behavioural problems, and isolation 
(Bott, Farmer, & Rohde, 1997). Given that 97% of all people with ID use speech as their main 
means of communication, it is essential that they are able to make themselves understood 
through speech. The deveiopment of assessments to evaluate and interventions to improve 
speech production and intelligibility in this population are thus indispensable. By investing 
in improving the quality of their speech, one can improve communication and, by extension, 
their quality of life in general.
While modern advances in the medical sciences have improved the health of children 
and adults with ID, the deveiopment of communication skills remains a concern. In 
practice, it is often simply accepted that by adolescence people with ID have reached a 
plateau in learning and continued communication intervention is not seen to have any 
value. Furthermore, communicative interventions mainly aim at improving expressive and 
receptive language skills. The speech production problems are often taken for granted and 
seen as a characteristic of the disability itself rather than the result of distinct underlying 
deficits that may be sensitiveto therapy. This notion may also derive from a lack of diagnostic 
assessment procedures for both cause and manifestation of the speech problems in people 
with ID, as well as a lack of validated treatment methods for improving their speech output. 
Few studies have investigated treatment possibilities for speech problems in adults with ID 
and, at present, it is unclearwhether any such targeted treatments would benefit this group 
of speakers.
As alluded to above, many authors claim that speech and language skills begin to plateau 
when a child with ID reaches adolescence, with most studies concerning children under 
the age of 15 years (Fowler, Gelman, & Gleitman, 1994). With respect to children with 
Down syndrome, research suggests that -without intervention- the speech and language 
difficulties are not resolved when they grow up and that speech intelligibility remains a 
problem throughout life (Chapman, Seung, Schwartz, & Bird, 2000; van Borsel, 1996). Several 
possibilities for enhancing communication skills in adults with Down syndrome have been 
explored and proposed throughout the years (e.g. Leddy, 1999; Roberts, Price, & Malkin,
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2007) and a recent series of studies has shown that adolescents and adults with Down 
syndrome can learn new speech and language skills, suggesting that interventions could 
be effective at any age (Chapman, 2006; Chapman, Hesketh, & Kistler, 2002; Chapman, et 
al., 2000). More specifically focusing on their speech-production deficits, a recent literature 
review suggests that in adults with Down syndrome these problems could be due to 
both linguistic influences and impairments in the speech-motor control system and there 
are indications that speech therapy can remediate some of the resulting deficiencies by 
providing advice and training to help optimise verbal Communications or reduce the severity 
of the speech problems (Coppens-Hofman, Maassen, van Schrojenstein Lantman-de Valk, 
& Snik, 2012). Unfortunately, no results are known for (young) adults with IDs other than 
Down syndrome.
The present study therefore sets out to investigate the effect of speech therapy in a 
heterogeneous group of adults with ID. However, to determine the best possibilities for 
improving the quality and intelligibility of their speech output, we first wished to ascertain 
the exact nature of the speech difficuities in this diverse population. In a concomitant study 
(Coppens-Hofman, Terband, Maassen, & Snik, submitted) we accordingly analysed and 
specified the types of speech errors in a Dutch sample of 36 adults with mild or moderate ID 
of mixed aetiology. Recordings of spontaneous speech and responses to a picture-naming 
task were transcribed by blinded experts using a broad phonetic transcription protocol. We 
then analysed the transcriptions with respect to segmental and syllabic characteristics and 
processes. In addition, we obtained and evaluated intelligibility ratings of the spontaneous 
speech samples from 25 naive listeners. The combined results indicated that the 
development of the phonemic and syllabic inventories were completed irrespective of ID 
severity. At the same time, the speech of our participants contained a large range of specific 
problems and impairments in speech-production processes typical of apraxia of speech that 
was associated with the level of cognitive functioning.
We subsequently developed an intervention that specifically targeted the type of speech 
errors we had charted to thus improve speech intelligibility. The participants from the 
earlier study were offered tailored training in articulation and listening skills delivered in two 
3-months periods separated by a 3-month intermission. Based on the predictors of speech 
intelligibility formulated in our previous study (Coppens-Hofman et al., submitted), we 
evaluated the pre-to-post changes in terms of speech intelligibility through a phonological 
error analysis of the participants' word production on a picture-naming task and additionally 
assessed changes in their receptive vocabularies. In this report, we describe the treatment, 
assessments and outcomes in detail.
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Method and materials
Participants
The 36 adults with ID (age range 18-40 years; mean 28 years; 19 men and 17 women) who 
had participated in our previous study in which we characterised their speech problems 
(Coppens-Hofman et al., submitted) were invited and signed up by their parentsand primary 
caregiver to attend tailored intervention. The parents/caregivers had earlier typified the 
participants' speech as poorly intelligible and supported their desire to improve the quality 
of their speech output. Inclusion to both studies was based on the level of their intellectual 
disabilities, i.e. IQ 40-70 (DSM IV -  Mild and Moderate), with 17 participants having been 
classified with mild (IQ 55-70) and 19 with moderate ID (IQ 40-55). Their speech problems 
had not been assessed prior to our studies by any diagnostic tests, the cause of their poor 
speech intelligibility was unclear, and none of the participants had previously received 
speech therapy. Exclusion criteria were: cleft lip/cleft palate, spastic dysarthria, severe 
behavioural problems, and a diagnosis of dementia or autism. The aetiology of the ID was 
known in 22 cases. A detailed overview of the participants is provided in Appendix A.
Procedures and experimental design
The study was approved by the Ethics Committee of the Radboud University Nijmegen 
Medical Centre. Potential participants and their legal representatives received written and 
oral information on the study and intervention in advance, with all legal representatives, 
parents, and caregivers giving their written consent. The participants all gave their oral 
consent after having been orally informed by their parents or primary caregiver.
Figure 1 presents an overview of the experimental design. For reasons of logistics and time 
management, the participants were divided into two groups, with the second group starting 
the intervention six months after the first group. All participants received treatment during 
two periodsof three months separated by a 3-month intermission. The treatment comprised 
weekly individual sessions each lasting 30 minutes and was delivered by the third author, 
a certified and experienced speech-language pathologist/therapist with prior experience 
in working with persons with ID. Before and after each treatment period, a concise speech 
and hearing assessment (MSH) was carried out. Elaborate speech-production and hearing 
assessments were conducted prior to and after completion of the intervention, when also 
vocabulary and memory were tested. Speech recordings, assessments and examinations 
were all conducted by the second author. All 36 participants completed the intervention and 
received the same number of treatment sessions.
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Figure 1. Experimental design
Treatment
The treatment involved specific articulation training in combination with training in listening 
skills and comprised all speech sounds and all combinations of speech sounds of Dutch in 
word-initial, -medial and -final position, and words in sentences. The general content of the 
intervention was the same for each participant, building up from single speech sounds to 
words, but the level was adjusted to individual needs, interests and abilities.
Each treatment session comprised 10 minutes of repetition of the exercises of the previous 
session, 15 minutes of new exercises, and 5 minutes recapitulating. Articulation training 
constituted the larger part of the intervention and comprised practising and explaining the 
pronunciation of speech sounds and words, distinctions between speech sounds, oral motor 
skills, speaking skills, and communicative skills. Auditory training consisted of minimal pairs 
(auditory discrimination), listening in noise, rhyme, auditory memory and concentration. 
The exercises were taken from widely used methods for the treatment of phonological 
and auditory perception problems in children (age range 4-12 years) such that the subject 
matter always related to the interest of the participant (hobbies, favourite TV shows, etc.). A 
detailed description of the content and composition of the intervention can be found in the 
treatment protocol that is provided in Appendix B.
Data collection
Both baseline and endpoint measurements consisted of speech-production, language- 
understanding (vocabulary), hearing and auditory-memory assessments. To prevent any 
stress or arousal, all assessments were conducted in a quiet, comfortable and familiar room
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in the participant's own care centre, residential group or sheltered work facility. The hearing 
examination was conducted by an experienced audiologist two weeks before the start of the 
treatment and comprised the assessment of the pure tone threshold, the bone-conduction 
threshold and speech audiometry ("Speech Audiometry with Pictures"; Crul, 1984, 1994). 
Auditory memory was assessed with the Dutch "school-readiness curriculum" test (In den 
Kleef, 1997) by the second author.
One week prior to the baseline speech recordings, a first meeting was arranged to allow the 
participants to get used to the interviewer/therapist, the recorder and the setting. During 
this visit, the participants completed the Peabody Picture Vocabulary Test (PPVT) to assess 
the ievel of word understandinginorderto confirm their understanding of the instructionsto 
be given during the test sessions. To assess progress in receptive vocabulary after treatment 
completion, they again completed the PPVT during the endpoint examination.
The speech-production data consisted of recordings of the verbal output on the Dutch 
Logo-Art picture-naming task (Baarda, de Boer-Jongsma, & Haasjes-Jongsma, 2005), which 
consists of 128 easily recognisable pictures that image words of everyday life. The Logo- 
Art was developed to test articulation in children in the ages of 4-8 years and includes all 
vowels, diphthongs, consonants and consonant clusters used in the Dutch language in all 
positions (word-initial, -medial and -final).
All recordings were made with the interviewer and participant seated at opposite sides of a 
table, allowing eye contact. A silent observer familiar to the participant (in most cases the 
primary caregiver) was present in the room. A professional solid-state recorder (Marantz 
PMD620) was used to obtain the digital speech recordings. As several participants found 
the external microphone threatening, the internal microphone was placed at approximately 
40 cm distance of the speaker's mouth. All recordings were made in wav-format at 705 
kbps and 44.1 kHz. The duration of the recording sessions varied from 30 to 45 minutes, 
depending on the movements and pace of the client. No client was rushed. The tests of the 
endpoint assessment were the same as those conducted during the baseline assessment. 
Three to four months after the intervention, an interactive evaluation was scheduled with 
the primary caregivers and/or parents of each participant. During this meeting the third 
author discussed the observations she had recorded during and after the intervention and 
compared these with the views of the caregiver/parents, compiling an official report that 
was later presented to the parents/caregiver.
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Data processing and transcription
All recordings of the picture-naming task were transcribed by two independent speech- 
language pathologists (blinded for both study goal and participants) according to broad 
phonetic transcription procedures. Yells, grunts, and coughs, as well as utterances produced 
while the participant was chewing or had fingers or objects in or over the mouth were 
systematically excluded. Transcription reliability was established by comparison of the two 
transcriptions of the same utterances. Mean inter-rater reliability was 94%. The transcription 
of the first transcriber was used in the data analysis.
Data analysis
After transcription, a phonological-error analysis was performed on all transcripts with the 
UPP-analysis system as described in our previous study (Coppens-Hofman et al., submitted). 
This resulted in three measures of phonological accuracy (proportion consonants correct 
in syllable-initial position (PCCI), proportion syllable structures correct (PSSC), proportion 
consonant clusters correct in initial position (PCIusCI)) and seven phonological error 
measures (proportion substitutions of single consonants in initial position (PSubCI), 
proportion substitutions of single consonants in syllable-final position (PSubCF), proportion 
abnormal substitution processes (PAbnProc; h-sation, abnormal stopping, backing, and 
denasalisation), proportion normal substitution processes (PNormProc; fronting, stopping 
of fricatives, nasalisation, and gliding), proportion consonant deletions (PCDel), proportion 
deletion of consonants in syllable-initial position (PIClDel), and the proportion reduction of 
consonant clusters in syllable-initial position containing two and three consonants (PIC2Red, 
and PIC3Red)). In addition, comparison of the PVVT scores served as an endpoint measure 
of verbal intelligence.
Statistical analysis was done by means of repeated measures analyses of variance (RM 
ANOVAs), featuring a layered approach. The level of significance was set at p<0.05, while 
p-values <0.10 were denoted as trends. First, we explored the relationships between the 
different within-subject (Pre-Post scores) and between-subjects (Severity of ID, Hearing Loss, 
and ID Aetiology) factors using a multivariate RM ANOVA (with all outcome measures as the 
dependent variables, i.e., PCCI, PSSC, PCIusCI, PSubCI, PSubCF, PAbnProc, PNormProc, PCDel, 
PIClDel, PIC2Red, PIC3Red, and PVVT score). Where appropriate, we further investigated 
the influence of specific factors on the dependent variables by means of univariate tests. 
Second, we assessed the effect of treatment on the participants' speech intelligibility for 
the two study groups separately based on the distinctive predictors we had derived for each 
group in our earlier study (Coppens-Hofman et al., submitted). In the case of the Mild group,
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we administered a multivariate RM ANOVA with Pre-post treatment as within-subjects 
factor and PCCI, PCIusCI, PNormProc, and PIC3Red as dependent variables, whereas for the 
Moderate group we administered a multivariate RM ANOVA with Pre-post treatment as 
within-subjects factor and PCCI, PCIusCI, and PIC2Red as dependent variables.
ResuSts
Between-subject factors
First, the influence of between-subject factors Severity of ID, Hearing loss, and ID Aetiology 
were investigatedforthe dependent variables PCCI, PSSC, PCIusCI, PSubCI, PSubCF, PAbnProc, 
PNormProc, PCDel, PIClDel, PIC2Red, PIC3Red, and PVVT using a multivariate RM ANOVA 
(with Pre-Post treatment scores as within-subjects factor). The results revealed a significant 
main effect of treatment [F(12.13)=3.487, p=0.017], No further main or interaction effects 
were obtained.
To check whetherthe absence of any effects involvingthe three between-subjects factors was 
due to a lack of power resulting from the number of factors in the model, we subsequently 
investigated the influence of each of the between-subject factors separately using separate 
multivariate RM ANOVAs. The results revealed a significant main effect of treatment 
[F(12.23)=7.029, p=0.000], and a significant main effect of Severity of ID [F(12.23)=2.636, 
p=0.022]. No significant main or interaction effects were obtained for Hearing Loss or ID 
Aetiology ([F(12.23)=6.471, p=0.000] and [F(12.21)=3.329, p=0.008] respectively]). These 
two latter factors were accordingly ignored for the remainder of the analyses, with univariate 
tests being conducted for Pre-Post scores and Severity of ID only.
Within-subject factors
Figures 2-4 present means and 95%-confidence intervals for the dependent variables, 
while the univariate tests of the RM ANOVA (with Pre-Post scores as within-subject factor 
and Severity of ID as between-subjects factor) are presented in Table 1. Results showed a 
significant pre-to-post increase in the proportions of consonants correct (PCCI) and syllable 
structures correct (PSSC; Figure 2; Table 1). Furthermore, results also revealed a significant 
decrease of PIC2Red and a trend effect of treatment in the same direction for PSubCI (Figure 
3; Table 1). Finally, our analysis yielded a highly significant positive effect of treatment on 
the PPVT scores (Figure 4; Table 1).
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Figure 2. Mean Pre and Post treatment scores on the three measures of phonological accuracy: 
proportion consonants correct in syllable-initial position (PCCI), proportion syllable structures correct 
(PSSC), proportion consonant clusters correct in initial position (PCIusCI).
EmVtJara 2S>»C1
PSubO ! HAbnPfot I PCDel ~ I WcJftei I 
PSubCF PNormProt PJCIOd WJRc
Figure 3. Mean Pre and Post treatment scores on the seven phonological error measures: proportion 
substitutions of single consonants in initial position (PSubCI), proportion substitutions of single 
consonants in syllable-final position (PSubCF), proportion abnormal substitution processes (PAbnProc; 
h-sation, abnormal stopping, backing, and denasalisation), proportion normal substitution processes 
(PNormProc; fronting, stopping of fricatives, nasalisation, and gliding), proportion consonant deletions 
(PCDel), proportion deletion of consonants in syllable-initial position (PIClDel), and the proportion 
reduction of consonant clusters in syllable-initial position containing two and three consonants 
(PIC2Red, and PIC3Red).
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Figure 4. Mean Pre and Post treatment scores on the Peabody Picture Vocabulary Test (PPVT).
Besides significant treatment effects, the univariate tests of the RM ANOVA also revealed a 
number of significant differences as a function of Severity of ID (i.e., for PCCI, PSSC, PCDel, 
PSubCI, and PICXRed and PWT; Table 1). Additionally, there were significant interactions 
between Pre-Post scores and Severity of ID for PCIusCI and PSubCI. Further investigation 
revealed that only the moderate ID group showed significant progression on these two 
measuresfollowing treatment (PCIusCI: £=-2.246, p=0.037; PSubCI: £=3.149, p=0.005 [paired 
t-tests]; Figures 2 and 3).
Table 1. Results of the univariate tests of the RM ANOVAs. Statistically significant contrasts are 
denoted by * (p<0.05), and ** (p<0.01), while * denotes a statistical trend (p<0.10).
Pre-Post scores
F(l,34) p
Severity of ID
F(l,34) P
Pre-Post scores 
x Severity of ID
F(l,34) p
PCCI 15.265 .000** 5.520 .025* 1.363 .251
PSSC 5.700 .023* 4.593 .039* 0.199 .658
PCIusCI 2.723 .108 1.093 .303 4.935 .033*
PSubCI 3.146 .085* 4.779 .036* 3.838 .058*
PSubCF 0.144 .707 1.996 .167 1.613 .213
PAbnProc 1.878 .180 0.052 .821 0.232 .633
PNormProc 0.332 .568 2.372 .133 0.837 .367
PCDel 1.297 .263 4.632 .039* 0.103 .751
PIClDel 2.591 .117 4.782 .036* 0.903 .349
PIC2Red 8.266 .007** 2.857 .100 1.510 .228
PIORed 1.556 .221 0.076 .784 0.465 .500
PWT 55.678 .000** 22.090 .000** 0.320 .575
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Finally, we investigated the relationship between the progression on the segmental and 
syllabic level by computing Pearson's correlation coefficients between the improvement 
on the general phonological measures, i.e., PCCI (segmental), PSSC (syllabic), and PCIusCI 
(syllabic). Results showed significant correlations between improvements in PCCI and PSSC 
(r= 0,491, p=0,002) and between the improvements in PCCI and PCIusCI (r=0,350, p=0,036), 
but not between improvements in PSSC and PCIusCI.
Table 2. Results of the multivariate RM ANOVAs on the group-specific speech-intelligibility indicators. 
Statistically significant effects of treatment are denoted by * (p<0.05) and ** (p<0.01).
Severity 
of ID
Model F dfl df2 P Partial
eta-squared
Observed
power
Mild PCCI; PCIusl; 
PNormProc; PIC3Red
3.514 4 12 .040* 0.539 0.694
Moderate PCCI; CPCIusl; PIC2Red 5.356 3 17 .009** 0.486 0.863
Speech intelligibility
The results of the separate repeated measures MANOVAs for the two study groups, 
contrasting group Pre-Post scores with the group-specific predictors, showed strong effects 
for both groups (Table 2), indicating that the intelligibility of the participants' speech had 
significantly improved (Figure 2 and 3) as a result of treatment.
Speech-language therapist reports
Results of the therapist's evaluationsof the participants' improvement in quality and level of 
communication after the intervention are presented in Figure 5, while detailed descriptions 
per participant are given in Appendix C. Speech output had improved in almost all of the 
participants (Figure 5). With respect to communicative behaviour in general, the large 
majority showed increased communicative initiative and more self-confidence. The greatest 
improvements were noted as having been elicited by positive feedback, compliments, 
topics coinciding with the participant's interests, and the weekly personal attention from 
the speech-language therapist (Appendix C),
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Figure 5. Therapist's judgment of the participants' improvement in quality and level of communication 
after intervention.
Discussicm
In the present study, we explored whether it is possible to help adults with an intellectual 
disability improve their verbal communication skills through speech therapy. Based on an 
analysis of the specific types of speech errors and their relation with intelligibility in a sample 
of 36 adult speakers with mild or moderate ID our group conducted earlier (Coppens- 
Hofman et al., submitted), we formulated an intervention programme for these impaired 
speakers aimed at improving the group-specific deficits and thus speech intelligibility. 
Treatment was delivered in two 3-month periods with a 3-month interval and consisted of 
individual, 30-minute weekly sessions of articulation training in combination with training 
in listening skills.
In summary, the results indicate that the speech of our participants had improved on 
several domains following treatment. First, they produced significantly higher proportions 
consonants correct in syllable-initial position and syllable structures, and showed a 
trend towards making fewer substitutions of syllable-initial consonants. Second, both 
groups showed positive treatment effects for the two sets of group-specific intelligibility 
predicators. Our findings thus indicate that the participants made fewer speech errors after 
treatment and that the intelligibility of their speech had increased. It can thus be concluded 
that the speech therapy was effective for our group of participants. This is confirmed by the 
subjective judgments of the speech language therapist, which indicate improved speech 
after intervention in almost all of the participants.
Besides the improvement on mentioned speech-production measures, treatment also 
showed a positive effect on receptive vocabulary, implying that the participants had 
improved their level of word recognition and understanding. This result is especially
striking since vocabulary was not targeted in the therapy; the treatment program consisted
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purely of articulation training in combination with training in listening skills (i.e. auditory 
discrimination). The intervention was the same for all participants, but individually adapted 
to the level and, more importantly in this respect, to the interests of the participant. The 
therapist noted that all participants were well-motivated throughout the intervention: 
they were always eager to start the weekly session and disappointed when it ended. 
Their caregivers also reported that during the 3-month intermission and after treatment 
completion their clients showed frustration and expressed their disappointment with 
the absence of sessions. Moreover, the subjective judgments of the effects of treatment 
indicate a large increase in communicative initiative and self-confidence in almost all of the 
participants. Apparently, aimed attention to the clients' everyday interests and increased 
communication with them might lead to improved language and improved communicative 
abilities as well.
No differences were found based on hearing or ID aetiology, neither in the speech 
intelligibility and error patterns before treatment, nor in the treatment effect. Although 
one should always be careful with null results, we believe this finding is of importance for 
two reasons. First, the effectiveness of speech therapy does not seem to depend on the 
cause of the ID, nor on any hearing problems. Clinically, this implies that hearing impairment 
should not be a reason for not offering speech therapy. Although several studies did report 
hearing loss to be related to poor speech intelligibility in these speakers with ID (see e.g. 
Coppens-Hofman et al., 2012 for an overview), our results suggest that hearing loss does 
not constitute a barrier to improving intelligibility by means of speech therapy.
Second, the fact that we predominantly found differences in the number - and not the 
pattern - of speech errors to be associated with ID severity (see also Coppens-Hofman et 
al., submitted) and no differences that were attributable to hearing loss or ID aetiology 
suggests that it is the impairment in cognitive functioning that lies at the core of the speech- 
production problems in adults with ID. Since our treatment programme only involved 
simple, straightforward articulation and listening exercises, it is worthwhile to explore other 
techniques to optimize the intervention to the specific learning (dis)abilities of the individual 
client. One may, for example, vary training paradigms and stimuli (see e.g. Perrachione, Lee, 
Ha, & Wong, 2011) or incorporate principles of motor learning (e.g. Maas et al., 2008). 
Furthermore, the strong beneficial effect of our speech-training programme on receptive 
vocabulary prompts the exploration of techniques to adjust the treatment to higher-level 
psycholinguistic abilities.
The present study is meant to be a further step towards optimizing care and support for 
those individuals with an intellectual ability that suffer from concomitant communication
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problems. In this first test, the content and procedure of the speech-therapy programme 
were kept the same for all participants with only minor adaptations to suit the needs and 
interests of the individual client. The results revealed a few differences in the effect of the 
treatment that were associated with the severity of the ID. The adults with moderate ID 
showed a larger proportion of consonant clusters correct and fewer substitutions of initial 
syllables after treatment, whereas no improvement was found for the mild group on these 
measures. More structured trials are needed that investigate and compare the effects of 
other targeted interventions aimed at improving hearing and speech in this population to 
help unravel which (parts of the) treatments are the most effective for which individuals.
In conclusion, the present study shows that adults with mild and moderate intellectual 
disabilities can improve their speech and language skills, demonstrating that speech therapy 
for people with ID can be effective at adult age. These findings suggest that continued 
attention to speech can help augment the verbal communication skills and hence the quality 
of life in this population.
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Appendix A. Overview of the participants.
Age at 
Base­
line G
en
de
r
Cause of ID Severity of ID
WBQ
pre
Age
WBQ
pre
WBQ
post
Hearing
loss
Type of 
Hearing 
loss
Hearing
Aid
G
ro
up
101 22;1 F Down syndrome Moderate 65 6;5 65 No 1
102 23 M Down syndrome Moderate 64 6,5 66 Yes Conductive No 1
103 36;1 F Down syndrome Moderate 34 4;5 34 Yes Mixed Yes 1
104 35;8 M Oxygen
deficiency
Moderate 29 3;11 45 No 1
105 28;4 M Trauma Mild 81 7;11 93 No 1
106 40; 2 F Unknown Moderate 64 7;11 66 Yes Perceptive No 1
107 37;1 F Unknown Moderate 56 6;5 73 No 1
108 23;2 F Unknown Mild 88 9;11 88 Yes Perceptive Yes 1
109 21;4 M Unknown Moderate 47 5;5 55 No 1
110 33;7 F Down syndrome Mild 111 15;11 111 No 1
111 32; 1 M Down syndrome Moderate 72 10; 11 87 Yes Conductive No 1
112 32;3 F Unknown Moderate 80 9;11 86 Yes Conductive No 1
113 30;6 M Unknown Mild 73 7;11 86 Yes Perceptive No 1
114 30;9 F Down syndrome Mild 58 5;S 69 Yes Perceptive Yes 1
115 31;11 F Microcephaly Moderate 26 3;11 39 No 1
116 22;11 M ESES syndrome Mild 81 7;11 89 No 1
117 30; 6 F Unknown Moderate 31 3;11 45 Yes Conductive No 1
118 20;11 M Unknown Mild 86 9;11 99 No 1
119 32;7 F Down syndrome Moderate 66 6;5 72 Yes Perceptive No 2
120 28;2 M Microcephaly Moderate 35 4;5 62 No 2
121 18 M Down syndrome Moderate 80 9;11 95 Yes Mixed No 2
122 34; 1 M Brain damage Mild 142 35;11 159 No 2
123 34 6 M Unknown Moderate 75 7;11 100 No 2
124 26; 11 M Down syndrome Moderate 53 5;5 56 Yes Conductive Yes 2
125 26;8 M Unknown Mild 121 15;11 121 No 2
126 28;9 F Turner
syndrome
Mild 124 15;11 128 Yes Perceptive No 2
127 24; 11 M Down syndrome Mild 72 7;11 72 Yes Perceptive Yes 2
128 36;9 M Unknown Moderate 72 7;11 87 No 2
129 37;4 F Brain damage Mild 123 15;11 134 No 2
130 23;9 F Unknown Mild 91 10;11 112 No 2
131 36;8 F Oxygen
deficiency
Mild 109 15;11 131 Yes Perceptive Yes 2
132 27;3 M Unknown Mild 119 15;11 130 No 2
133 18;11 F Brain damage Mild 92 9;11 94 No 2
134 28; 6 M Fragile X 
syndrome
Moderate 79 9;11 93 Yes Conductive No 2
135 27 F Down syndrome Moderate 72 7;11 71 No 2
136 36;9 M Unknown Moderate 116 15;11 130 No 2
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Appendix B. Treatment protocol
Session structure for each of the two treatment periods
1. Repeating exercises from the previous session: 10 minutes
2. Introduction and practice of new exercises: 15 minutes
3. Recapitulation of the session / game: 5 minutes
Treatment goals
The goals of the intervention were overall the same as they were based on the participant's 
speech errors and intelligibility predictors established prior to the treatment. Sessions 
could vary per participant depending on which goal needed the most attention, while the 
exercises were adjusted to the participant's level and interests. When a goal was achieved, 
the next goal was introduced.
1. Participants can pronounce all single consonants at the word and sentence level and 
in spontaneous speech.
Material: Visual stimuli, e.g. 'colour cards', pictures from the 'Logo-Art' articulation 
test (http://www.logo-art.eu). transparencies (slides) and drawings. To learn vowels, 
pictures taken from a dyspraxia programme were used, with a gesture to support the 
consonant. Consonant production was practised in spontaneous speech by talking 
about the client's favourite topics (e.g. music, pictures, movies, hobbies, etc.).
2. Participants can pronounce all double consonants (consonant clusters) at the word 
and sentence level and in spontaneous speech.
Material: Visual stimuli, e.g. 'colour cards'), pictures of the 'Logo-Art' articulation 
test, transparencies (slides) and drawings. To learn vowels, pictures from an existing 
dyspraxia programme were used, with a gesture to support the consonant. Consonant 
clusters were practised in spontaneous speech by talking about the client's favourite 
topics (music, pictures, movies etc).
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3. Participants can distinguish sounds in words when they only differ on one aspect 
(e.g. voiced /bet/ versus unvoiced /pet/)
Material: Pictures from ‘Metaphon' (Dean, E., Howell, J., Hill, A., & Waters, D. (1990). 
Metaphon Resource Pack. Windsor, Berks: NFER Nelson.) with the participant 
pointing out the right word as pronounced by the therapist.
vU
4. Participants can pronounce words consisting of more than one syllable sufficiently 
intelligibly (i.e. pronouncing distinct sounds and syllables) at both word and sentence 
level and in their spontaneous speech.
5. Material: Drawings and pictures depicting multisyllabic words (e.g. 'paddenstoel', 
'paraplu', 'vrachtauto'). Additional cues such as 'footsteps' or other drawings were 
used to help visualise the different syllables.
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Appendix C. Speech-language therapist evaluatlons per participant
Age at 
Baseline Gander
Subjective 
Judgment of 
Improvement
Influencing factors/Cause of speech improvement after a year of 
intervention Comments
101 22; 1 F Sc me Lower speech rate, awareness of the different speech sounds
102 23 Much Is always hlghly motivatad, growing self-confidence
103 36;1 F Some knproved concentration Her moods, anger and frustration influence her speech a lot
104 35;8 None Personal attention improved language, not speech
is talking a lot more and to many more people (communicative 
initiative), knows a lot more words
105 28;4 Some Speaks louder and with more self-confidence Etements of apraxia of speech, replaces phonemes inconsequent
106 40;2 F Much Gestures are supporting phonemes, visuai cues are helpful Elements of apraxia of speech
107 37;1 F Mucti Personal attention and compliments taigger improuement
108 23;2 F Substantial Awara of the different phonemes/sounds, due to feedback
109 21 ;4 Substantial
Personal attertion, interest in his stories and practidng the different sounds 
led to improvwnant in speech and language
Suspected of apraxia of speech
110 33;7 F Some Speaks louder and slower leadlng to improved intelligibility
111 32;1 Substantial Repetition and imitation were helpfii in improving speech
112 32;3 F Much Giving her more seif-confWence, positivo feedback and complïnents improved language and speech
113 30;6 Substantial Is now aware of the different phonemes due to audtory feedback Position of teeth inftuences his speech production
114 30:9 F Much
Reducing environmental noise and speaklng slowar both lead to 
understandable speech
115 31;11 F Some Imitation and gestures were very helpful
Severe Gilles de laTourette, behavioural problems. Language 
seems rnproved a lot
116 22;11 Substantial More self-confidence when talking to other people Communicative initiative improved
117 30$ F None More self-confidence when talking to other people Speech seems not improved, but she is talking a lot more
118 20;11 None There is stil a lot of tension in his speech
119 32;7 F Siistantial Compliments, attention led to improved speech and listenlng sklls Positive attention and positive feedback improve speech
120 28;2 M Much Has more attention for and focus on speech and language
121 18 M Scme Motivatlon Is an Important element in intelligible speech Motivatlon leas at the end
122 34:1 M Some Lowering speech rate helps improve speech quality Suspected of apraxia of speech, inconsequence in speech errors
123 34; 8 M Much
Lowering speech rate, separating the words, and carefully using every 
syllabie hetps improving speech quality Awareness of speech and calmness improvee speech a Icrt
124 26; 11 M Some Continuing the speech therapy is important
125 26;8 M Substantial Lowering speech rate, personal attention and focus on speaking helps rnprove speech quality Attention deficit: focussing attention improves speech
126 28;9 F Substantial Lowering speech rate in long words helps improve speech quality Reading and concentration help improving speech quality
127 24;11 M Substantial Improving his hearing vrith hearing aids was of help
128 36;9 M Much Personal attention helps improve speech quality and use of language
129 37;4 F Substantial
Lowering speech rate, using every syllabie, less stress and more attention 
helps improve speech quality
Attention and less stress improves speech quality immedntaly
130 23;B F Much
Lowering speech rate, personal attention and compliments help improve 
speech quality
131 38;8 F Some
Individual attention, awareness of the (Sfferent speech sounds made 
speech quality hetter
132 27;3 M Much Personal attention, listening to his stories helps improve speech quality
Less stress and less urge to speak fast helps a lot in improving his 
speech
133 18;11 F Some
Personal attention, care and understanding are important factors in 
improving her speech quafity
134 28;6 M Some It helps a lot when the conversation is about all that interests Nm
135 27 F Substantial Positive feedback and attention helped improve speech
136 36,9 M Substantial Interaction with people and attention for what he wants to teil you helps to improve his message and quality of speech
Dysfluencies In speech, improvement by lese stress
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Communication is one of the most important human attributes and when communication 
is compromised this directly affects our quality of life. Verbal communication, our primary 
means of interaction, revolves around a verbal message that is constructed and uttered by 
the speaker and subsequently deciphered and interpreted by the listener. The success of 
verbal communication is thus dependent on the proficiency of both the speaker and the 
listener.
Sadly, adults with intellectual disabilities (ID) often also suffer from impaired hearing as 
well as disordered speech, making verbal communication an arduous exercise. Their 
communication partners tend to react by decreasing the level of oral communication and 
reducing their demands. The resultant lack of meaningful interaction may eventually lead 
to diminished social skills, behavioural problems, and possibly isolation in the cognitively 
impaired person. The aim of the six studies presented in this thesis was to provide evidence- 
based suggestions to help optimise the communicative abilities of adults with a mild to 
moderate ID and to evaluate the effectiveness of targeted rehabilitation interventions.
The main questions to answer came directly from the parents and primary caregivers of adult 
individuals with an ID living and working in group or residential homes and sheltered work 
environments in the Netherlands. They indicated that communication with their children 
and clients is often complicated because they tend to have difficulties understanding them, 
let alone other relatives, caregivers and fellow residents, while their caregivers and less 
familiar persons in their immediate environment (e.g. medical or other staff) have problems 
understanding the residents well enough. The main focus of our research therefore was on 
novel approaches to the prevention of communicative decline in people with a cognitive 
impairment, more specifically assessment methods and targeted interventions of disordered 
speech perception and production functions (hearing and speech).
In general, it is very difficult to recruit people with an ID for scientific research due to legal 
and ethical regulations. Once all formal approvals have been obtained, the next step is to 
get the parents or legal representatives, caregivers and the clients themselves to consent 
to the study and commit themselves for as long as the study and intervention last, which 
in our case was a full year of tests and intensive individual therapy requiring a great deal of 
motivation and persistence of all involved.Thanks to the endurance of all parties concerned, 
our trials and intervention were a success, with the focused attention to the communicative 
problems yielding new insights into the auditory and speech performance of people with 
an ID that allowed conclusions and recommendations that can be used to help improve the 
care of these vulnerable people.
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The results of our various studies on hearing and speech in adults with ID reported in 
the preceding chapters are briefly recapitulated in the summary, while the main findings, 
conclusions, recommendationsand newdirections for further research arediscussed below.
Part I: Hearing
Our studies on hearing problems in adults with mild to moderate IDs and associated 
communication difficulties produced several important findings. We found the prevalence 
of hearing impairment to be relatively high in the group of participants we tested, while the 
gains of conventional hearing aids were not always satisfactory. However, recent advances 
in technology showed new promise.
As to date little had been published on the subject, in this part of our research we sought 
to evaluate the prevalence and extent of hearing impairment and the subjective benefits of 
hearing aids in adults with ID living in supported accommodations. Our study showed that 
the care for the hearing impaired with an ID does not meet the desired level as hearing loss 
is not necessarily recognized and treated in time. We performed a hearing screening on 
282 adults with ID of whom as many as 56 were found to be significantly hearing impaired, 
while many others were found to have hearing loss during later screening sessions. Periodic 
hearing screenings therefore remain of high importance to monitor hearing levels and to 
identify new or permanent hearing problems.
We subsequently found that in a relatively high number of our hearing impaired participants 
permission to fit hearing aids was not granted by the family or legal representatives. 
Moreover, most of the participants we deemed eligible for hearing rehabilitation were 
themselves not averse to being fitted with and using hearing aids. Given the fact that not 
all the participants we tested were expected to benefit from adequate auditory input and 
considering the wishes of the clients themselves, this means that hearing rehabilitation of 
people with an ID and concurrent hearing loss is only fostered in a limited proportion by 
hearing aids.
Next, fitting the participants for whom consent was obtained with hearing aids proved 
feasible, although the fitting process did show the need for special care and support. The 
hearing aids were used for an average of eight hours a day, suggesting good benefit. With 
respect to subjective benefit of and satisfaction with the results of the fitting and use of 
the aids, the judgements of the primary caregivers were (highly) variable, with the majority 
reporting relatively low benefits and satisfaction. In one-third of the residents, benefit was 
deemed absent or even negative, implying that in the opinion of the caregivers the hearing
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aids were of little or no use, or worse, had led to a deterioration of their clients' hearing 
abilities.
When we looked more closely at these disappointing results, we found that the respondents 
could be divided in two groups: parents or caregivers who had themselves noted the 
hearing problems and had referred the residents for hearing tests and those who had not 
been aware of any hearing loss or its severity until they were identified through our hearing 
screening programme. Notably, the benefit and satisfaction ratings in the earlier group were 
more favourable, while the severity of the participants' hearing impairment was comparable 
for the two groups.
Our results suggest that not all caregivers are aware of the potentially wide-ranging 
effects of hearing impairment, with many not being sufficiently trained in observing and 
recognising the gains achieved with hearing interventions in terms of enhanced reciprocal 
communication capacity. Improving their understanding of how hearing loss influences the 
daily-life functioning and interactions of all partners will increase the success of hearing 
rehabilitation. It should be noted that the mode and level of communication is often quite 
basic in assisted living groups, which may partly explain why caregiver awareness of the 
importance of hearing rehabilitation is low. If the poor perception of the benefits of hearing 
aids among caregivers can be changed, their clients' legal guardians may be more easily 
persuaded to give permission to fit their wards with hearing aids.
Besides abovementioned factors, the legal guardians of the hearing impaired candidates 
we interviewed also mentioned costs and prolonged attention to ensure a proper use 
and maintenance of the hearing aids as reasons for not consenting to having their son or 
daughter be fitted with a hearing aid and participate in our trial. We feel that together our 
findings underscore the urgent need to educate both parents/legal guardians and caregivers 
on the relevance of hearing aids in improving the verbal communication and interaction 
skills and hence social inclusion of their doubly disabled wards and clients. Also, as this 
is a learning process for both the client and his or her caregivers, regular monitoring and 
dedicated guidance during the hearing rehabilitation process are crucial to obtain the best 
results.
Summarising, based on our findings it is our conclusion that it is essential to inform 
caregivers and parents of hearing impaired adults with ID on the consequences of the 
hearing loss, what it means to miss the verbal messages in communicative situations, what 
the options are for hearing rehabilitation and where to find the best support. Improving the 
social inclusion of persons with an ID starts with optimal communication skills and thus the
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possibility to try hearing aids and the availability of professional encouragement to help 
them get used (again) to listeningto sounds and speech.
Part II: Speech
Besides problems in speech perception due to hearing impairment, many adults with ID also 
show poor speech production leading to poor intelligibility. Consequently, communication 
breakdown that results from varying degrees of speech unintelligibility is a major problem 
for many speakers with a mild to moderate cognitive impairment and their immediate 
environment. In the current project, we took a closer look at the specific deficiencies that 
can be observed in the speech of adult speakers with various types of ID and explored the 
effects of a personalised intervention.
To facilitate rehabilitation, we first need to pinpoint the distinct factors that cause poor 
speech intelligibility in this at-risk population, which requires dedicated speech assessment 
techniques. Finding the cause of the speech production problems and the resulting poor 
intelligibility will contribute to the development of targeted interventions and treatment 
aimed at improving verbal communication skills and thus daily functioning and quality of 
life.
In our search for the determinants of poor speech intelligibility, we charted participant- 
specific speech-production deficits in terms of speech difficulties, speech errors, levels of 
speech development and speech fluency in 36 adults with a mild or moderate ID without 
confounding hearing loss. To investigate the effect of treatment, participants received a year 
of intensive, individualised training to help improve the quality and intelligibility of their 
speech output and verbal communication skills.
First we analysed the transcriptions of the spontaneous and prompted speech samples of 
36 participants as to their segmental and syllabic characteristics and had 25 naive listeners 
rate the quality of the spontaneous speech. The results demonstrated that the development 
of the phonemic and syllabic inventories was completed in all participants. However, results 
showed a large amount of specific speech deficiencies, most notably high numbers of 
inconsistent errors that are likely to be caused by speech motor planning problems (i.e. 
apraxia).
Second, we counted, analysed and characterised the nature of the dysfluencies in recorded 
samples of spontaneous speech with special emphasis on the distinction between stuttering 
and cluttering. Stuttering and cluttering are the two main types of speech dysfluency.
The frequency of speech dysfluencies is increased in persons with ID compared to the 
general population, with the observed deficits being mostly diagnosed as stuttering and
143
Chapter 8
treatments, if any, being aimed at improving stuttering and stuttering-related issues. Almost 
80% of the participants showed characteristics of a dysfluency disorder. intriguingly, none 
of the participants showed overt signs of stuttered speech. We predominantly found high 
proportions of normal, i.e. non-stutterlike dysfluencies as well as telescoping, which can 
both be categorised as cluttering or clutter-like.
Overall, the results we obtained suggest that in adults with ID it is the high rate of normal 
dysfluencies that is the main determinant of the poor speech intelligibility. Accordingly, it 
is unlikely that any of our participants would have benefited from speech therapy aimed 
at stuttering. These first findings are highly relevant for clinical practice and have major 
implications for speech-language pathologists and therapy. Cluttering is caused by other 
processes than those causing stuttering, which is why more research is needed on the 
underlying processes of cluttering in adults with ID. New insights can then be applied to 
optimise and tailor treatments to the individual to thus improve the quality and intelligibility 
of their speech with an emphasis on improving clutter-related issues.
In sum, we propose that it is the high number of and inconsistency in errors and their non- 
stutterlike nature in combination with the disordered speech motor processes that affect 
the quality and intelligibility of the speech in adults with ID.
Our analyses did not yield any significant correlations between the various categories of 
speech deficits and hearing loss, sexor ID aetiology. However, level of intellectual functioning 
(mild or moderate ID) did show strong associations with speech intelligibility and error 
frequency. Also, the error patterns we observed in our participants were not typical of a 
speech delay such as found in children with a developmental disorder. Furthermore, the 
phonological processes and inconsistency in errors cannot be explained by weakness or 
paralysis of the speech muscles or other sensorimotor deficit alone. The error patterns far 
rather suggest underlying oral motor and dyspraxic deficits, such as described for apraxia 
of speech. Professionals like speech language pathologists play a key role in diagnosing and 
treating apraxia of speech. However, as yet there is no single factor or test that can be used 
to definitively diagnose apraxia of speech in persons with ID. Our studies thus highlight 
the need for more research on speech errors and the underlying planning processes in this 
population.
With a view to targeted speech intervention, all participants from our speech and speech 
intelligibility study were assessed at several occasions to determine the quality of their verbal 
abilities, identify distinctive speech errors and gauge their receptive language skills (i.e. 
comprehension of oral instructions) and verbal memory capacity. Also, all participants had 
hearing tests (pure tone and speech audiometry). During the subsequent intervention year.
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the participants received individual training to improve the pronunciation and articulation 
of phonemes in words and sentences in combination with auditory training to help them 
learn to recognise the difference between phonemes. The intervention was the same for all 
participants but training and topics were adapted to the interests of each participant. 
Post-treatment tests showed that the participants' performance had improved on speech 
outcome measures. They produced higher proportions of correct consonants and syllable 
structures in initial position, and showed a trend towards fewer substitutions of syllable- 
initial consonants.
We found positive effects of treatment on speech production and intelligibility for both the 
participants with a mild and those with a moderate ID. Both groups made fewer speech 
errors, with quality and intelligibility having significantly improved. Besides being effective 
at the speech production level, we also noted a positive effect of the intervention on the 
participants' receptive vocabulary in that their levels of word recognition and understanding 
had also improved. This result was unexpected since vocabulary was not targeted in our 
training programme. There were indications that these improved language skills had been 
fostered by the increased attention to the clients' everyday needs and interests and their 
individual progress in communication abilities, suggesting that treatment outcome is 
enhanced by recurrent feedback and increased verbal focus on the interests of the individual 
client both during and outside therapy sessions.
The studies in this thesis helped identify several factors as the main determinants of the 
communicative ineffectiveness in people with ID. These will be summarized below, together 
with the possibilities for targeted intervention. The chapter concludes with suggestions for 
future research.
Recommendations
Preventing a decline in communication starts with optimising hearing (perception) and 
speech (production).
The studies in this thesis give an overview of the difficulties in hearing and speech that adults 
with ID have to deal with and provide clear leads for preventive and remedial approaches, 
which will be highlighted below.
The social inclusion of people with ID is fostered by improvement of their aural and oral 
communication skills, which starts with the early identification and rehabilitation of any 
auditory problems, the possibility of trying (new) hearing aids, and finally, training to (re) 
learn to listen to and understand sounds and speech. Good care requires, as so often 
recommended, periodic hearing screening throughout child- and adulthood, which needs
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to be followed up by appropriate advice and, if feasible, hearing rehabilitation. At the 
same time, it is important to facilitate good hearing by optimising the client's acoustical 
environment. Educating caregivers on the consequences of hearing loss and the impact on 
the daily lives of their clients is also essential in this process.
Both caregivers and parents (or other legal representatives) need to be better informed 
about what it means to be less or unable to understand and convey verbal messages. The 
results of hearing tests and the implications of the outcome measures for their client or 
ward as well as the caregivers need to be communicated better and the available options 
for hearing rehabilitation and professional support discussed in more detail. As speech and 
language skills are central to the development of mental abilities, such as thinking, reasoning, 
and remembering, and to social inclusion, it is vital that caregivers, teachers, mentors and 
therapists monitor and address problems in speech and language development at all stages 
of their clients' lives.
Optimising the speech of people with ID starts with systematically assessing, quantifying 
and monitoring speech quality and intelligibility. Our subsequent outcome study revealed 
that the training programme had helped improve several of the identified speech deficits 
and demonstrated that dedicated attention to speech quality resulted in better speech 
intelligibility. Vocabulary and linguistic skills and speech intelligibility can thus improve or at 
least remain stable by ongoing attention both during and outside therapy sessions, which 
process can best be guided and supported by experienced and skilled speech language 
pathologists. Besides providing targeted speech therapy for their clients to reduce the 
severity of their speech problems, speech language therapists should concurrently advise 
and instruct caregivers on the best ways of communicating with their clients. Interestingly, 
our results additionally revealed that increased attention to the client's everyday needs and 
interests and increased verbal communication with him or her also promoted their language 
understanding.
Clearly, considering the functional differences in the child and adult brain, variations in 
cognitive capacity and brain plasticity, as well as the differential development of behavioural 
and social skills, it cannot be justified to use the same diagnostic procedures and treatment 
programmes for children and adults with ID. We accordingly recommend developing speech 
tests specifically aimed at assessing the speech of adult speakers with a cognitive impairment 
to help diagnose distinctive speech difficulties like apraxia of speech.
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Suggestions for further research
Conducting research and intervention trials with such vulnerable people as adults with an ID 
is a delicate matter, ethically challenging and complex, and demands special consideration, 
domain-specific skills and perseverance. Recruiting participants takes great effort and time, 
good communicative skills, while obtaining all mandatory consents is also time-consuming. 
Nevertheless, further research on the main issues regarding the expressive and receptive 
speech of this group is worthwhile and much needed.
Larger-scale research needs to confirm our findings of mostly normal, non-stutterlike 
dysfluencies in the speech in adults with ID and look more closely at possible causes of 
the high prevalence of cluttering, telescoping and inconsistent errors affecting speech 
intelligibility. Future studies should not only augment our understanding of the abnormal 
processes in this population but also provide deeper insight into the unusually high quantity 
of normal speech processes typically found in childhood that should have disappeared not 
only because of their age, but also given the fact that, overall, their speech development 
was not delayed.
The speech of people with ID is influenced by many factors, such as level of cognitive 
functioning, medication, living and working environment and way of living, comorbid 
disorders such as motor or muscle disorders (e.g. spasms), anatomie malformations and 
congenital disorders. In looking for the nature, causes and underlying mechanisms of 
speech errors in adults with ID, speech production and speech fluency research should take 
all these factors into consideration.
Final remarks
We should always keep in mind that it is the duty of health professionals and caregivers to 
provide their clients with the best communication options. Optimal hearing in combination 
with optimal productive speech skills promotes verbal communication and social interaction 
among adults with ID in assisted living accommodations and their caregivers, allowing all 
professionals, parents/legal guardians and relatives to develop a better awareness and 
understanding of the needs, wishes and remaining communication problems of the people 
in their care.
Prevention of communicative decline in adults with ID hinges on two themes: focused, 
continued attention to verbal communication and the inclusion of health professionals and 
relatives in the rehabilitation of hearing and speech problems. Together, we are responsible 
for the welfare of this vulnerable group of people who are often struggling to communicate 
whatthey need orwhat is bothering them, which hampers us in the many decisions we have
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to make for them. We therefore need to explore and exploit every available means to give 
them the best quality of life possible.
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Nederlandse samenvatting
Het doel van het onderzoek beschreven in dit proefschrift is een theoretische basis te leggen 
als fundament voor het ontwikkelen van nieuwe mogelijkheden om de communicatieve 
achteruitgang bij mensen met een cognitieve beperking tegen te gaan. Het accent ligt hierbij 
op diagnostiek en interventie bij perceptieve en productieve functiestoornissen. Onder 
perceptieve functies verstaan we het ontvangen van binnenkomende verbale boodschappen 
en dus: spraakverstaan. Productieve functies betreffen de uitgaande verbale boodschap 
ofwel: spreken.
Als eerste stap in het opzetten van het hier beschreven onderzoek, werden verzorgers en 
begeleiders van mensen met een verstandelijke beperking systematisch bevraagd over 
vragen en problemen waar zij in de praktijk tegen aan lopen. Uit deze inventarisatie kwamen 
vragen en zorgen naar voren die betrekking hadden op de kwaliteit en functionaliteit 
van spraakverstaan en spreken. Gesignaleerd werd dat mensen met een verstandelijke 
beperking door zwakke verstaanvaardigheid vaak moeilijk toegankelijk zijn, en door slechte 
verstaanbaarheid vaak slecht begrepen worden.
Om deze twee vragen te kunnen beantwoorden zijn verschillende onderzoeken gedaan 
die worden beschreven in dit proefschrift, verdeeld in de hoofdonderwerpen 'Horen' en 
'Spreken'.
Het eerste deel van dit proefschrift richt zich op gehoorproblematiek en hoorrevalidatie bij 
volwassenen met een verstandelijke beperking (hoofdstukken 2 en 3). De groep mensen 
met verstandelijke beperkingen is zeer divers, in oorzaak van de beperking, de complexiteit, 
de aanwezigheid van meervoudige problematiek en daarmee ook de mogelijkheden om 
goed te kunnen communiceren. Er is nog maar weinig wetenschappelijk onderzoek gedaan 
bij deze complexe groep. Binnen de populatie mensen met verstandelijke beperkingen 
vormt de groep mensen met Down syndroom een subgroep die al vaker is beschreven 
in onderzoek. Mensen met Down syndroom zijn doorgaans zeer communicatief maar 
ondervinden ook veel gehoorproblemen. Om de resultaten uit eerder onderzoek goed in 
beeld te brengen is eerst een review geschreven over gehoorstoornissen en stoornissen 
in auditieve verwerking bij volwassenen met Down syndroom (hoofdstuk 2). Hoofdstuk 3 
beschrijft vervolgens een studie naar audiologische revalidatie bij een heterogene groep 
volwassenen met een verstandelijke beperking.
Het tweede deel van dit proefschrift (hoofdstukken 4, 5, 6 en 7) beschrijft onderzoek 
naar de spraakproblematiek (pathologie, diagnostiek, mogelijke oorzaken van slechte 
verstaanbaarheid) en suggesties voor verbetering van de spraakkwaliteit bij volwassenen
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met een verstandelijke beperking. Ook hier betreft het meeste al gerapporteerde onderzoek 
de subgroep volwassenen met Down syndroom. Om een goed overzicht te geven over de 
specifieke spraakproductieproblematiek en slechte verstaanbaarheid, is eerst een review 
geschreven over bestaande kennis en onderzoeksresultaten bij deze subgroep (hoofdstuk 
4). Deze review wordt gevolgd door drie hoofdstukken die onderzoek beschrijven naar 
specifieke kenmerken van de spraak van volwassenen met verstandelijke beperkingen 
met uiteenlopende oorzaken. Allereerst beschrijft hoofdstuk 5 een studie naar niet- 
vloeiendheden in de spraak van de gemeten heterogene groep volwassenen met lichte 
en matige verstandelijke beperkingen. Hoofdstuk 6 is vervolgens het onderzoek naar 
kenmerken van de spraak in relatie tot slechte verstaanbaarheid. Aansluitend is een 
interventie gestart om communicatieve vaardigheden, verstaanbaarheid en kwaliteit van de 
spraak te verbeteren. Dit onderzoek is beschreven in hoofdstuk 7.
Hoofdstuk 8 is een discussiehoofdstuk over de belangrijkste conclusies die zijn verkregen 
uit de diverse studies en onderzoeken, gevolgd door adviezen en aanbevelingen voor 
diagnostiek, behandeling en verder onderzoek.
Deel 1: Horen
Down syndroom is de meest voorkomende genetische stoornis in de groep mensen 
met een verstandelijke beperking. Deze mensen zijn vaak communicatief en sociaal 
ingesteld, maar vaak gehinderd in hun horen en spreken. Om kennis te verzamelen 
over gehoorproblemen, auditieve verwerkingsproblemen en korte termijn geheugen 
bij volwassenen met Down syndroom is literatuuronderzoek gedaan (hoofdstuk 2). Het 
doel van deze literatuurverzameling is factoren te identificeren die kunnen duiden op 
onderliggende stoornissen, informatie die als aangrijpingspunt kan dienen om de zorg te 
verbeteren. Uit de literatuur blijkt dat communicatieproblemen veelvuldig voorkomen bij 
mensen met Down syndroom en dat problemen met spraak en taal gerelateerd zijn aan een 
slecht auditief geheugen. De prevalentie van slechthorendheid is relatief hoog en het effect 
van traditionele hoortoestellen stemt niet altijd tot tevredenheid. Nieuwe ontwikkelingen 
op het gebied van hoorrevalidatie -zoals het gebruik van een baha (bone anchored hearing 
aid)- lijken echter veelbelovend.
Omdat goed horen een van de essentiële onderdelen is van optimale communicatie en 
vanwege de hoge prevalentie van slechthorendheid bij volwassenen met verstandelijke 
beperkingen, onderzochten we het subjectieve voordeel van gehoorrevalidatie bij een 
grote groep slechthorende mensen met een verstandelijke beperking (hoofdstuk 3). Over 
dit onderwerp is maar weinig gepubliceerd. Het doel van dit onderzoek was het ervaren
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(subjectieve) voordeel na het aanmeten en gebruiken van hoortoestellen in beeld te 
brengen. De deelnemers aan dit onderzoek zijn op twee manieren benaderd. Allereerst is 
een gehoorscreening gedaan in drie zorginstellingen. Van de 282 volwassenen bleken 56 
deelnemers dermate slechthorend te zijn dat ze een indicatie voor hoortoestellen kregen. Dit 
betrof allemaal volwassenen bij wie hun slechthorendheid door familie of begeleiders niet 
eerder was gesignaleerd. Opvallend genoeg bleken 18 van deze cliënten geen toestemming 
te krijgen van hun familie of wettelijk vertegenwoordigers om hoortoestellen te mogen 
proberen ofte gaan gebruiken. Verder wilden zes cliënten dit zelf niet en 2 cliënten overleden 
in de periode dat dit onderzoek liep. De overige 30 kandidaten ontvingen hoortoestellen, 
special aangemeten en ingesteld op hun persoonlijke wensen en vermogens, in nauwe 
samenwerking en in overleg met hun familie en begeleiders. Binnen de periode van het 
huidige onderzoek zijn uiteindelijk 16 lange termijn evaluaties mogelijk gebleken; deze 16 
vormden de eerste groep. De overige 14 kandidaten stonden ingepland voor hoorrevalidatie, 
hun resultaten vallen echter buiten de tijdperiode van dit onderzoek 
Een tweede groep deelnemers betrof mensen met een verstandelijke beperking die met 
een verwijzing van de huisarts naar het audiologisch centrum kwamen. Dit waren de 
mensen waarbij de ouders of begeleiders hadden gemeld dat er een vermoeden was van 
gehoorproblemen. Deze mensen met een verstandelijke beperking en slechthorendheid 
zijn op dezelfde wijze onderzocht als de mensen die via de instellingen waren benaderd. In 
totaal bestond deze groep uit 21 mensen die na het bespreken van het gemeten verlies en 
de gevolgen daarvan voor de cliënt allen van familie en begeleiders toestemming kregen 
voor hoorrevalidatie.
Zes maanden na het aanmeten en gaan dragen van de hoortoestellen bleken alle deelnemers 
hun hoortoestellen dagelijks te dragen. Uitzondering hierop waren 2 deelnemers die 
oorontsteking hadden op het moment van het interview. De nametingen wezen uit 
dat de toestellen optimaal waren aangepast. Omdat optimaal horen van belang is voor 
communicatie en zelfredzaamheid werd ook het subjectieve, ervaren voordeel van het 
gebruiken van hoortoestellen geëvalueerd aan de hand van de 'Glasgow Children's Benefit 
Inventory' vragenlijst, die werd ingevuld door de dagelijks begeleiders van de deelnemers. 
Uit de antwoorden bleek duidelijk dat de hoortoestellen iedere dag volgens voorschrift 
werden gebruikt, maar ook dat het voordeel van het dragen van hoortoestellen als laag 
en soms zelfs als negatief werd beoordeeld door de begeleiders. Bij het vergelijken van de 
resultaten van de twee groepen bleek dat de beoordelingen van de begeleiders waarvan 
de cliënt bij een screening slechthorend bleek (groep 1) aanzienlijk negatiever waren dan 
de beoordelingen van de begeleiders die tevoren slechthorendheid vermoedden (groep
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2). Bij een-derde van de deelnemers van groep 1 werd gesteld dat geheel geen voordeel 
werd gezien van het gebruik van hoortoestellen of zelfs een negatief ervaren voordeel, 
hetgeen betekent dat begeleiders van mening zijn dat hoortoestellen de communicatie of 
het dagelijkse functioneren van de cliënt hinderden.
Het verschil in de resultaten van de beide groepen suggereert dat het zich bewust zijn van 
het gevolg van slechthorendheid van invloed is op de resultaten. Het is belangrijk om te 
weten dat het niveau en de setting van de communicatie in de woongroepen van onze 
doelgroep bewust eenvoudig en voorspelbaar wordt gehouden om zoveel mogelijk iedereen 
te kunnen betrekken bij de dagelijkse gebeurtenissen. Dat zou mogelijk kunnen verklaren 
waarom begeleiders niet goed kunnen opmerken wat het belang van gehoorrevalidatie 
en het dagelijks gebruik van hoortoestellen is. Goede en uitgebreide informatie aan de 
begeleiders en ouders van de cliënten lijkt dus uitermate belangrijk te zijn. Mensen met een 
verstandelijke beperking zijn afhankelijk van hun begeleiders en ouders wanneer het gaat 
om de zorg voor het gehoor, de oren en het gebruik en onderhoud van hoortoestellen. De 
resultaten uit dit onderzoek laten zien dat gehoorverlies en slechthorendheid niet altijd als 
belangrijk probleem worden gezien en dat gehoorverlies veelal niet op tijd wordt herkend 
en behandeld.
Ondanks de hoge standaard van de gezondheidszorg in Nederland, en ondanks de adviezen en 
richtlijnen die gelden op het gebied van gehoorscreening bij deze groep mensen is de zorg aan 
slechthorende mensen met een verstandelijke beperking nog altijd niet op het juiste niveau. 
Periodieke gehoorscreeningen zijn erg belangrijk, net als constante begeleiding tijdens het 
hoorrevalidatieproces. De inclusie van mensen met een verstandelijke beperking in onze 
samenleving begint met optimale communicatieve mogelijkheden en dus is de mogelijkheid 
om hoortoestellen te gebruiken van groot belang. Dit vraagt aandacht en tijd, maar ook het 
intensief informeren van begeleiders en ouders over horen en slechthorendheid.
Deel II: Spreken
Naastdeproblemenophetgebiedvanhetspraakverstaanveroorzaaktdoorslechthorendheid, 
is bij volwassenen met een verstandelijke beperking de spraak vaak slecht verstaanbaar 
als gevolg van problemen bij de spraakproductie. Beperkingen in de communicatie door 
slechte verstaanbaarheid ervaren veel mensen met een verstandelijke beperking als een 
groot probleem. Om die reden onderzochten we de spraakproblematiek van volwassenen 
met een verstandelijke beperking.
Het is bekend dat mensen met Down syndroom sterk zijn ingesteld op verbale communicatie 
maar daarin worden belemmerd door slechthorendheid en spraakproblemen. Om dit
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laatste goed in beeld te brengen, is een literatuuronderzoek verricht op het gebied 
van spraakproductieproblemen bij mensen met Down syndroom (hoofdstuk 4). Dit 
literatuuronderzoek geeft een goed beeld van de resultaten uit onderzoeken op het gebied 
van spraakproductie, waaruit niet alleen oorzaken, spraaksymptomen en belangrijke 
determinanten van slechte verstaanbaarheid bij deze groep naar voren kwamen, maar ook 
aandachtspunten voor nieuw onderzoek.
Onderliggende of afwijkende mechanismes bij de moeilijkheden in spraakproductie bij 
volwassenen met Down syndroom zijn nog niet bekend. Ook is er geen testmethode die de 
spraak goed in beeld brengt en diagnosticeert bij deze doelgroep. Spraakproductieproblemen 
worden gezien als kenmerk van het syndroom zelf in plaats van dat men kijkt naar welke 
onderliggende oorzaken er zouden kunnen zijn voor het spraakprobleem. Weten wat de 
precieze oorzaak is, is echter wel van groot belang. Er is behoefte aan meer onderzoek 
naar oorzaken van problemen met de spraak om therapieën te kunnen ontwerpen die 
leiden tot verbetering van de spraak bij volwassenen met Down syndroom. Hoewel 
de verbeterde medische zorg voor mensen met Down syndroom heeft geleid tot een 
gezondheidsverbetering, blijven er toch grote zorgen over de communicatiemogelijkheden 
van deze groep mensen. Onderzoeken over mensen met Down syndroom op het gebied 
van spraakproductie gaan meestal over kinderen onder de 15 jaar. De resultaten van 
deze onderzoeken suggereren dat de kwaliteit van spraak niet verbetert zonder gerichte 
interventie. Recent onderzoek heeft aangetoond dat adolescenten en volwassenen met 
Down syndroom blijven leren en dus ook nieuwe taal- en spraakvaardigheden kunnen leren 
op (jong)volwassen leeftijd.
Om te kunnen bepalen hoe we spraak kunnen verbeteren bij mensen met een 
verstandelijke beperking, deden we onderzoek naar de vloeiendheid van de spraak en 
naar andere problemen bij spraakproductie. Alle niet-vloeiendheden zijn geanalyseerd 
(hoofdstuk 5) en de overige problemen bij het spreken zijn gedetailleerd in beeld gebracht 
en gekarakteriseerd (hoofdstuk 6). Dit nauwkeurig in beeld brengen en analyseren van 
specifieke spraakkenmerken bij een heterogene groep volwassenen met een verstandelijke 
beperking is nog niet eerder gedaan. Zesendertig mensen namen deel aan deze detailstudies. 
Er werden opnames gemaakt van zowel spontane spraak als het benoemen van plaatjes en 
alle opnames werden getranscribeerd door twee transcribenten, onafhankelijk van elkaar, 
met brede fonetische transcriptie.
Bij het eerste onderzoek op het gebied van de spraakproblemen bestudeerden we niet- 
vloeiendheden in spontane spraak. Bij mensen met een verstandelijke beperking is de
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hoeveelheid niet-vloeiendheden in de spraak hoger dan in de algemene populatie. Het 
accent lag bij het onderzoek op het in beeld brengen van kenmerken van stotteren en 
broddelen en de oorzaak van deze spraakproductieproblemen. Hoewel er verschillende 
typen niet-vloeiendheden zijn, wordt als diagnose bij deze doelgroep bijna altijd 'stotteren' 
gesteld. Een andere niet-vloeiendheidsstoornis is 'broddelen'. Broddelen dient echter 
anders behandeld te worden dan stotteren.
Het doel van dit onderzoek was om het precieze type niet-vloeiendheden in beeld te 
brengen en ook de hoeveelheid niet-vloeiendheden in lopende spraak te berekenen. 
Niet-vloeiendheden in de spontane spraak van 28 volwassenen met een lichte of matige 
verstandelijke beperking zijn geteld en geanalyseerd volgens recent gepubliceerde criteria. 
De niet-vloeiendheidsprofielen hebben we vervolgens gerelateerd aan de gemiddelde 
spreeksnelheid en variabiliteit van de spreeksnelheid. De resultaten wezen uit dat 79% van 
de deelnemers kenmerken van een niet-vloeiendheidsstoornis heeft. Meer specifiek: de 
spraak bevatte in hoge mate broddelkenmerken zoals veel herhalingen van woorden en 
woorddelen, interjecties (zoals ..eh..), opnieuw starten en telescopie. De combinatie van 
een hoog aantal van deze kenmerken samen wijst op broddelen. Opvallend is dat geen van 
de deelnemers als 'stotteraar' kon worden gediagnosticeerd. Het is dan ook niet aannemelijk 
dat onze deelnemers baat zouden hebben gehad bij stottertherapie.
Bij een tweede onderzoek werden transcripten van spraaken benoemingstaken geanalyseerd 
op segmentale en syllabische kenmerken in de spraak. Aanvullend werden kwalitatieve 
subjectieve beoordelingen van niet-getrainde luisteraars gevraagd en geanalyseerd. De 
resultaten wezen uit dat de ontwikkeling van het fonemische en syllabische systeem voltooid 
is op volwassen leeftijd, dat wil zeggen dat vrijwel alle klanken in de spraak verworven zijn 
op volwassen leeftijd. Echter, de resultaten wezen ook specifieke problemen aan in de 
spraak en gestoorde processen bij spraakproductie die veroorzaakt kunnen worden door 
motorische problemen en planningsproblematiek.
De opvallende inconsistentie bij de gevonden fouten in de spraak en ook de andere gevonden 
kenmerken in de spraak van de deelnemers wijzen op problematiek die de kwaliteit en 
verstaanbaarheid beïnvloedt. Systematische fouten die normaliter niet meer aanwezig 
zijn op volwassen leeftijd vinden we wel bij deze volwassen deelnemers. Aangetoond 
werd dat sommige lagere niveaus in de spraakontwikkeling niet volledig zijn verworven, 
terwijl sommige hogere niveaus van de spraakontwikkeling wel helemaal zijn doorlopen. 
Er is dus niet zozeer sprake van een vertraagde spraakontwikkeling, maar wel van een 
afwijkend doorlopen spraakontwikkeling waarbij sommige spraakklanken niet volledig zijn 
geïntegreerd in het systeem.
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Er werden geen correlaties gevonden met gehoor of hoorverlies, geslacht, etiologie of 
oorzaak van de verstandelijke beperking. Er bleek wel een sterk verband te zijn tussen 
functioneringsniveau en de foutenfrequentie. Het hoge aantal inconsistente fouten in de 
spraak zou kunnen wijzen op een onderliggend planningsprobleem. De patronen die we in 
deze studie vonden zijn dus niet overeenkomend met een vertraagde spraakontwikkeling 
zoals die wordt gezien bij kinderen met een ontwikkelingsstoornis. Daarnaast kunnen 
de inconsistentie van de fouten en de fonologische processen niet worden verklaard 
door slapte of verlamming van de spieren die worden gebruikt om te spreken of andere 
sensomotorische afwijkingen.
De metingen en de analyses laten verschillende significante problemen zien in de spraak 
van volwassenen met een lichte of matige verstandelijke beperking. Ze zouden gerelateerd 
kunnen zijn aan onderliggende oraal-motorische en dyspractische stoornissen, zoals 
spraakapraxie. Logopedisten spelen een belangrijke rol bij de diagnostiek van spraakapraxie. 
Er zijn nog geen data beschikbaar waarop diagnostiek van spraakapraxie kan worden 
gebaseerd bij mensen met een verstandelijke beperking.
lnhoofdstuk7wordtverslaggedaanoververanderingenindespraakendekwaliteitvangeuite 
spraakklanken na een logopedische interventie van in totaal een jaar. Articulatietraining in 
combinatie met auditieve discriminatie training, aangevuld met training in communicatieve 
vaardigheden werd in verschillende periodes gegeven aan 36 volwassenen met een lichte 
en matige verstandelijke beperking.
De interventie was inhoudelijk gelijk voor alle deelnemers ongeacht hun niveau van 
functioneren; wel werden de oefeningen gericht op de specifieke interesses van de 
deelnemer (voetbal, auto's, televisieprogramma's, hobby's, bekende mensen, muziek, etc.). 
Het doel was de verstaanbaarheid van de deelnemers te verbeteren. De resultaten wijzen 
uit dat de spraak van onze deelnemers inderdaad was verbeterd na dit interventiejaar. Na 
het interventiejaar werden beduidend hogere aantallen correcte consonanten en hogere 
aantallen correcte syllabe structuren gezien en een duidelijk verminderd aantal substituties 
bij syllabe-initiale consonanten. Voor zowel de deelnemers met een lichte als deelnemers 
met een matige verstandelijke beperking liet de interventie positieve resultaten zien, 
leidend tot verbetering van hun spraakproductie. Deze bevindingen wijzen er concreet op 
dat de deelnemers beduidend minder spreekfouten maakten na het jaar van interventie en 
dat de verstaanbaarheid hierdoor was verbeterd.
Buiten deze verbetering in de spraak, was een onverwacht en hoog positief effect te zien in 
receptieve woordenschat, wat er op wijst dat deelnemers verbeterd waren op het gebied 
van woordherkenning en woordbegrip. Dit resultaat is verrassend omdat woordenschat
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geen doel was in de behandelingen en hier ook niet aan is gewerkt. De interpretatie hier 
zou zijn dat logopedie en daarmee de specifieke, gerichte aandacht voor de eigen interesses 
van de deelnemers ook de woordenschat verbetert en dit zou kunnen leiden tot verbeterde 
taalvaardigheden.
Subjectieve metingen (vragenlijsten en vraaggesprekken) wezen uit dat het geven van 
positieve feedback in een setting waarbij persoonlijke aandacht wordt gegeven en waarbij 
de focus ligt op verbale communicatie, een hoofdfactor kan zijn bij het verbeteren van spraak 
en taal. Ouders en begeleiders vermeldden expliciet dat bij de cliënten die deelnamen aan 
het onderzoek ook het initiatief tot communiceren en het zelfvertrouwen bij het spreken 
enorm waren verbeterd. We kunnen concluderen dat logopedie en een methode waarbij 
gerichte aandacht wordt gegeven aan de verbetering van taal en spraak, effectief is gebleken 
voor de deelnemers.
Gezondheidszorgprofessionals en zorgverleners hebben een plicht om hun cliënten van 
de best mogelijke communicatiemogelijkheden te voorzien. Optimaal kunnen horen 
in combinatie met optimale vaardigheden in spraakproductie stimuleert de verbale 
communicatie en de sociale interactie met volwassenen met verstandelijke beperkingen 
die in de instellingen leven en wonen met hun begeleiders. Door verbeterde verbale 
communicatie zijn begeleiders, ouders en familieleden, professionals en vrienden veel beter 
op de hoogte van de wensen, behoefte en zorgen van de mensen waar zij voor zorgen.
De preventie van communicatieve achteruitgang hangt af van twee belangrijke 
elementen: voortdurende aandacht voor verbale communicatie en het betrekken van 
gezondheidsprofessionals en familie bij de inzet om de problemen in horen en spreken te 
verbeteren. We zijn samen verantwoordelijk voor het welzijn van deze kwetsbare groep 
mensen die vaak worstelt met hun communicatie en grote moeite hebben om duidelijk te 
maken wat ze nodig hebben en wat hen bezig houdt, terwijl wij wel belangrijke beslissingen 
voor hen nemen. Om die reden moeten we ieder middel inzetten om hen de beste kwaliteit 
van leven te geven die maar mogelijk is.
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Samenvatting in eenvoudige taal
\> Waar gaat dit boek over?
Dit boek gaat over problemen met horen en spreken bij mensen met verstandelijke 
beperkingen.
In dit boek schrijven we hoe dat beter kan.
[> Waarom schrijven we hierover?
• Het is belangrijk dat andere mensen goed verstaan wat je zegt.
• Ook is het belangrijk dat jij andere mensen goed kan horen en verstaan.
>  Waarom is dat belangrijk?
• Mensen met verstandelijke beperkingen willen graag zelf zeggen wat zij vinden.
• Zij willen ook graag weten wat andere mensen vertellen.
• Maar vaak horen mensen met verstandelijke beperkingen slecht en vinden ze duidelijk 
praten moeilijk.
>  Hoe komt het dat mensen met verstandelijke beperkingen vaak slechter horen?
• Ouders of verzorgers van mensen met verstandelijke beperkingen weten niet altijd of 
iemand goed hoort of niet.
• Dat is soms ook moeilijk om te weten.
• Daarom moeten oren vaak worden getest.
• Dan weet je zeker of oren wel goed horen.
>  Hoe weten we dat?
We hebben heel veel oren gemeten bij mensen met verstandelijke beperkingen.
We hebben veel gevraagd aan de begeleiders en de ouders.
We hebben ook heel veel gepraat met mensen met verstandelijke beperkingen over 
oren en horen.
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>  Wat kan je doen als je niet goed hoort?
• Soms helpt het als de dokter het oorsmeer weghaalt uit je oren.
• Soms helpen hoortoestellen om beter te horen.
• Als je niet goed hoort, kan een hoortoestel dus een goed idee zijn.
• Dan kan je de mensen op je werk of in de groep weer goed verstaan.
• Maar niet alle begeleiders en ouders vinden hoortoestellen een goed idee.
• Ze vinden het lastig of duur of ze weten niet goed hoe het werkt.
• Het is goed om de begeleiders en ouders veel te vertellen over oren en horen.
• Ouders en begeleiders moeten nog veel leren over hoe het is als je slecht hoort.
D> Hoe komt het dat mensen met verstandelijke beperkingen vaak niet goed worden 
verstaan?
• Sommige klanken zijn moeilijk te maken door mensen met verstandelijke beperkingen.
• Soms worden er stukjes van woorden herhaald.
• Of je mond zoekt naar een letter en die lukt niet.
• En af en toe maak je foutjes bij het praten.
• Soms is een woord moeilijk omdat je het niet goed kent.
• Soms verstaat iemand jou niet omdat je zachtjes praat of niet oplet.
• Of je kijkt iemand niet goed aan.
• Of iemand luistert niet goed naar jou als je iets vertelt.
O Hoe weten we dat?
Van heel veel mensen met verstandelijke beperkingen hebben we de spraak opgenomen. 
Ze hebben zelf iets leuks verteld.
Ook hebben ze heel veel woorden opgenoemd.
We hebben heel goed geluisterd naar alle klanken.
Er hebben heel goed geluisterd naar wat er werd gezegd.
En we hebben veel letters geteld.
We hebben alles opgeschreven en gekeken naar wat er mis kan gaan.
Toen hebben we gekeken naar hoe we dat kunnen oplossen.
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>  Wat kan je doen als mensen jou niet goed verstaan?
Het helpt om:
• Rustig te praten.
• Iemand aan te kijken als je praat.
• Iemand rustig naar jou te laten luisteren. Dat kun je aan andere mensen vragen. 
Maar...
• Oefenen met praten helpt ook goed.
• Daar kunnen je ouders en begeleiders bij helpen
• Als het niet goed lukt, kan een logopedist je helpen.
• Samen met de logopedist kan je goed oefenen.
• Een logopedist helpt je met beter praten.
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